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1.0 INTRODUCTION

As the upper Charles River watershed in eastern Massachusetts (Figure 1-1)
develops at the fastest rate in the state, new homes, businesses, and municipa buildings
increase the demand for water supply while newly constructed buildings and pavement
decrease aquifer recharge. In developed areas, stormwater falls on impervious areas such
as streets, parking lots and roofs, and discharges to the Charles River and its tributaries
through storm sewers. Flows in the river surge, but the effects are only temporary. The
long-term health of the river is better served when stormwater slowly percolates into the
ground and feeds groundwater supplies (agquifers). Aquifers discharge water to surface
water bodies at a slower, more dependable rate over the long-term, supplying the Charles
River with baseflow during the summer and other periods of dry weather. The combined
effect of increasing water withdrawals and decreasing aguifer recharge decreases
available water supply in the aquifers and flow in the river and tributaries. Examples of
the problem are telling. Kingsbury Pond in Norfolk, a spring-fed kettle pond, used to
have 23 acres of surface area. It now has 7, the consequence of the installation and
operation of a municipal water supply well. Several of the upper watershed communities
are in various stages of permitting new public wells to meet local demand. Meanwhile,
flows in the Charles River continue to drop. In the summers of 1999 and 2002, the
Charles River had its lowest flow depths since the United States Geological Survey
(USGS) started monitoring flow in 1937.

Flow level not only affects the amount of channel under water, but also directly
influences stability of the bank and substrate and the availability of food for aquatic
organisms. It affects the distribution of macroinvertebrates and fish. It has an impact on
an organism’s ability to gather food, meet respiratory requirements, avoid competition
and predation, and colonize or vacate certain habitats. Asflow diminishes, the dangersto
the ecosystem increase. Lowered discharge of groundwater may induce the downstream
drift of benthic organisms for escape and dispersal. Low flow can severely dter the
riparian zone, reducing habitat or diversity of flora. Low flow can also alter downstream
temperatures, which in turn, can lead to the demise of certain aguatic species.

In the Low Flows and Habitat Assessment of the Upper Charles River Watershed
Project, the Charles River Watershed Association (CRWA) has begun to address the
critical need for evaluating and protecting aquatic habitat affected by increased demand
for public water supply and decreased recharge to aquifers in the upper Charles River.
Through the project, CRWA expanded in-house capabilities to assess habitat conditions
for fisheries and wildlife through training from USGS. In addition, CRWA collaborated
with USGS to better understand the minimum streamflow requirements for aguatic
habitat and fisheries in the most critical habitat areas, riffle sites. This fina report
describes work completed from September 2001 through August 2002.






20 SCOPE OF WORK
21 CRWA Project Goals

CRWA and USGS are studying the upper Charles River to identify how it suffers
from low flows. CRWA received a grant from the Massachusetts Environmental Trust to
develop in-house capability to perform habitat assessments, devel op baseline information
related to low flow and habitats, educate citizens about the ecological consequences of
low flow, and identify policies that could increase flow and improve habitat. With
funding from the Massachusetts Department of Environmental Management, USGS
prepared a study to determine minimum streamflow requirements using ecological
indicators. The USGS work in the Charles River presented CRW A an opportunity to
collaborate with them and receive training on habitat assessments. Specific goals of
CRWA's project were to:

Develop in-house technical capability to conduct habitat assessments;

Develop baseline data of habitat conditions;

Increase public awareness of low flow issues and the effects on habitat;

Identify state or local policy changes to increase flow and improve habitat in
affected areas; and

Support flow and habitat research of USGS.

CRWA performed the following tasks under this grart.

Task 1 - Conduct Flow and Habitat Assessments. CRWA monitored water depths and
assessed habitat conditions at three riffle sites over different flow regimes. These
locations were selected in conjunction with USGS. For al fieldwork, USGS trained
CRWA saff in the proper field techniques to ensure adherence to quality
assurance/quality control requirements.

Task 2 - Conduct Surveys for Fish Sampling. To assist the Massachusetts Department
of Fisheries, Wildlife and Environmental Law Enforcement (DFWELE) in their 5year
cycle of sampling fish in the Charles River, CRWA screened potential sites for
accessibility, depth and habitat type. The goal of this task was to conduct surveys of two
tributaries, looking for riffles, dams and other obstructions to fish passage. CRWA
utilized maps, field guides and staff experience in selecting the potentia sites.
Information gathered by CRWA will be used by DFWELE as it decides where to conduct
fish surveys.

Task 3 - Promote Public Education. To educate our members and the general public
about the relationship between low flows and aguatic habitat conditions, CRWA wrote an
article describing the project in our newdetter, the Sreamer. The project was also
publicized on CRWA’s web site, www.charlesriver.org Information gained from
CRWA'sfield work has signaled that the watershed’ s aquatic habitat is being affected by
low flow. We have brought this information to the attention of the Massachusetts
Department of Environmental Protection and the municipalities, and advocated for




remediation of low flow, such as through targeted infiltration of stormwater, and for
improved water use policy and regulation.

2.2 Collaboration with USGS

CRWA'’s streamflow and habitat assessment project complemented a study
conducted by USGS. The USGS investigated methods for determining stream flow
requirements in sustaining fish and wildlife habitat in Massachusetts' rivers, including the
Charles River. As part of an ongoing groundwater investigation, the USGS established a
number of flow monitoring sites on tributaries in the upper Charles River watershed.
Approximately half of these sites are located near riffles. The USGS tested methods and
procedures for determining minimum streamflow requirements at several of these sites as
part of a statewide project. USGS and CRWA monitored two locations upstream of the
USGS gaging station in Medway and another location on Mine Brook, a tributary of the
Charles River, a total of three times each. CRWA provided assistance to USGS by
measuring water depths and performing habitat assessments at three riffle sites.

The USGS project focused on determining how flow regimes and hydraulic
characteristics of flow over riffles vary between different stream classifications. Riffles
are the best testing ground since they are the first stream area to be critically impacted
under low flow conditions. If a riffle habitat can withstand the conditions imposed by
low flow, nearby habitats such as pools and runs should be able to provide the habitat for
sustaining aquatic life through most of its stages.

Specific objectives of USGS's work in the upper Charles River watershed
included: 1) determining stream flow requirements at selected riffle sites and assessing
the error associated with the determination of stage-discharge relations using Manning's
equation, a one-dimensional hydraulic model, and multiple measurements of stage and
discharge, 2) sampling the selected riffle reaches to assess the variability of riffle-fish
communities and to determine the effect of different sampling methods upon the
determination of riffle fish community composition, and 3) developing a procedure for
delineating stream habitat in the Charles River watershed using remote sensing
techniques.

3.0 SITEDESCRIPTIONS

Three locations in the upper Charles River watershed were selected for testing
several methods in determining stream flow requirements for sustainability of fish and
wildlife habitat. The site selection was based on unaltered flow in the channel sections
and low-density development surrounding them. The locations of the riffle sites are
(Figure 3-1):

Downstream of Echo Lake in the Charles River in Milford:;
Upstream of the USGS Charles River Gage in Medway; and
Mine Brook near the confluence of the Charles River in Franklin.






31 Land Use

The headwaters of the Charles River are located approximately a mile upstream of
Echo Lake. Land use in the area is predominately open space, recreation and forest
(Figure 3-2). Besides the unpaved, grassy access road that runs parallel to the river, little
development has occurred in this area. The river flows in a southerly direction. Both
banks of the river are stable and surrounded by large hemlocks and small shrubs. The
streambed material is predominately fine sediment that surrounds some gravel and
cobbles.

The riparian habitat surrounding the riffle site in Medway is moderately disturbed
on both banks of the river (Figure 3-2). Thisriffle site was divided into two sections that
stretch 1,500 feet. The first riffle section is located furthest upstream of the reach and the
downstream riffle section is located 600 feet upstream of the USGS Medway Gage.
Residential homes and lawns abut the river on the north bank while on the south bank,
vegetation of large hemlocks, deciduous trees and small shrubs paralel the river. The
stream bed consists of primarily cobbles with some boulders, gravel, and sand present.

Mine Brook meanders through the town of Franklin, one of the fastest growing
communities in eastern Massachusetts (Figure 3-2). The riffle habitat stretches over 87
feet in a westerly direction. The land use immediately surrounding the brook is
predominately forested with large deciduous trees and only a few scattered shrubs and
trees along both banks. Cobbles make up most of the stream bed.

3.2 Refer ence Points

Riffles are the most critical stream-habitat type during low flow conditions. To
determine the minimum streamflow requirements for habitat protection of riffle sites,
USGS employed two standard-setting methods. These methods require site-specific
physical and hydrologic data at the riffle sites, such as channel geometry, average
velocity, and mean depth Parker and Armstrong, 2002). CRWA assisted USGS by
measuring water depth at reference points established at the riffle sites and in pools
upstream of the riffles. Prior to monitoring water depth at the reference points, CRWA
assisted USGS in selecting river sections or tributaries with riffles, establishing reference
points at the riffle sites, and measuring the geometry of the channel sections (i.e., cross
section elevations). The geometry data was used to estimate the stage-discharge
relationship in the channel sections.

The Charles River sections downstream of Echo Lake and upstream of the USGS
Medway Gage have seven and six reference points for measuring water depth at the riffle
sites, respectively. Eight reference points were established in Mine Brook. USGS and
CRWA established reference points at the center of the riffle or just above and below the
riffle in the streambed.






40 LOW FLOW AND HABITAT ASSESSMENTS
41  Water Depth

During different flow regimes, CRWA staff measured river depths on four
occasions. The first two monitoring events on October 26, 2001 and December 6, 2001
occurred during a low flow regime. From September through November 2001,
cumulative rainfall was 50% below normal. Daily mean flow on October 26" at the
USGS gage in Medway was 9.80 cubic feet per second (cfs), five times less than the
three-year historical daily mean streamflow of 42.0 cfs. By December 6", daily mean
flow increased dightly to 11.0 cfs, however, it was aso five times less than the historical
daily mean streamflow of 58.3 cfs. In spring 2002, CRWA measured water depths at
riffle sites during an average flow regime in April and a high flow regime in May. After
an extensive period of drought conditions from August 2001 to March 2002, flow in the
river recovered when a total of 8.46 inches of rain fell in April and May. On April 5,
2002, the mean streamflow in the Charles River in Medway was 174 cfs, dightly below
the three-year historical daily mean streamflow of 229 cfs. On May 15", the mean
streamflow was 409 cfs, over twice as high as the three-year historical mean flow of 149
cfs.

Fall Monitoring Events

Surface water depths at the reference points are provided in Table 4-1. Figure 4-
1, 4-2, and 4-3 depicts water depths from fall 2001 to summer 2002 in the Charles River,
Milford, Charles River, Medway, and Mine Brook, Franklin, respectively. The
completed field data sheets are located in Appendix A. During the first monitoring event
in October, water depths were less than 3.0 inches in the Charles River below Echo Lake
and no riffles occurred in this river section. Three of the reference points (5 through 7)
were completely dry. In the Charles River immediately upstream of the USGS Medway
Gage, water depths were a few inches higher than river depths below Echo Lake. A log
and brush dam which covered half of the channel at reference point 5 in the Medway
section of the river may have inflated river depths. Water depths in Mine Brook ranged
from 3.1 inches to 6.6 inches. In December, water depths in Milford were dlightly higher
than in October, ranging from 0.4 inchesto 3.3 inches. In particular, the three completely
dry sites in October had water in December. In Medway, water depths at most reference
points were dlightly higher than the first monitoring event with the exception of reference
points 5 and 6 where the water depths fell to 1.8 inches. The log and brush dam was
missing from the site in December. Although depths in the Charles River increased
dightly in December, depths in Mine Brook decreased with the exception of one
reference point. See Figure 4-4 for a photograph of CRWA staff conducting field work
at the Milford site.

Spring Monitoring Events

River depths tend to be higher in the spring than in the summer or fall due to snowmelt
and rainfall. On April 5, 2002, water depths in the mainstem at Medway Gage and in



Table 4-1. Water Depths at Riffle Sites

Water Depth (inches)

Site Reference Point
10/26/01 12/06/01 04/05/02 | 05/15/02 | 05/30/02

ChE"":heongeer ) 1-Upstream 13 2.0 25 16.7 9.4
1-Downstream 25 3.3 4.8 19.1 12.5

2 1.3 1.6 1.6 13.7 8.4

3-Upstream 1.6 2.0 35 14.2 9.6
3-Downstream 20 2.6 4.1 14.9 10.1

4 0.5 0.9 2.3 115 7.6

5 0.0 0.8 15 10.3 6.6

6 0.0 0.4 15 10.7 7.0

7 0.0 0.9 2.6 13.6 8.7

ﬂ‘;;\'ﬁ;y%‘;zre‘ 4 2.4 2.9 NM NM 23.4
5 11.4 1.8 NM NM 24.6

6 8.4 8.2 218 NM 16.2

9 4.3 4.8 NM NM 15.6

10 54 7.0 25.5 NM 15.6

11 4.4 4.9 NM NM 135

Mine Brook 0 54 5.0 13.3 21.6 13.2
1 6.0 5.6 10.5 19.8 8.4

2 51 4.6 9.3 17.4 7.8

3 49 45 10.6 18.2 8.1

4 6.1 6.2 12.0 19.7 10.2

5 3.1 3.1 7.8 17.4 6.6

6 3.6 3.0 10.3 20.0 7.5

7 6.6 6.2 12.0 NM NM

NM - Not measured



Water Depth (inches)

Figure 4-1. Water Depths in the Charles River, Milford
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Figure4-4. Field Measurementsin the Charles River, Milford

Mine Brook were much higher than results from the fall. Yet river depths near Echo
Lake in Milford were either the same or only dightly higher than depthsin the fall. Only
two measurements could be made at the riffle reference points at the Medway Gage due
to extremely high river depths and flow. The two water depths at reference sites 6 and 10
were twice as high as the depths in the fal, 21.75 and 25.50 inches, respectively. At
Mine Brook, depths ranged from 7.75 inches to 13.25 inches, also twice as high as depths
in the fall. The water depths near Echo Lake ranged from 1.50 inches to 4.06 inches.

The large amount of rainfall in May contributed to very high river depths at al threeriffle
locations. On May 15, 2002, water depths were highest of the five monitoring events. At
Medway Gage, because the flow of the river was extremely rapid and entry into the river
was precarious, no water level measurements were taken. The water depths near the
headwaters ranged from 10.32 inches to 19.08 inches. The Mine Brook depths were also
very high ranging from 17.40 inches to 21.60 inches. The fifth and final monitoring
event occurred on May 30, 2002. Water depths were still relatively high yet dightly

lower than depths two weeks before and were not an impediment to wading safely in the
river a the Medway Gage. Water depths ranged from 13.50 inches to 24.60 inches.

Water depths near Echo Lake and at Mine Brook were dightly lower than measurements
from the previous May event.
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4.2 Habitat Assessment
4.2.1 Definition

A habitat assessment is defined as the evaluation of the structure of the
surrounding physical habitat that influences the quality of the water resource and the
condition of the resident aquatic community Barbour et al. 1996). USGS trained
CRWA dtaff to perform habitat assessments, following the procedures described in
Section 5 of EPA’s Rapid Bioassessment Protocols for Use in Streams and Wadeable
Rivers: Periphyton, Benthic Macroinvertebrates, and Fish, Second Edition (EPA-841-B-
99-002) @arbour, et al. 1999). For a habitat assessment, the site is examined for
physical characteristics such as vegetation, land use, sediment/substrate, available cover,
channel alteration, bank stability, and protection, and field data sheets are filled out
(Figure 4-5). The in-stream and riparian habitat is rated by the following categories:

epifauna substrate/available cover;
embeddedness,

velocity/depth regime;

sediment deposition,;

channdl flow status,

channel alteration;

frequency of riffles;

bank stability;

vegetative protection; and

riparian zone width.

According to USGS, the Charles River is a high-gradient stream. A high-gradient
stream is riffle/run prevalent in moderate to high gradient landscapes. Substrate in this
stream is primarily composed of coarse sediment particles (i.e., gravel or larger) or
frequent coarse particle aggregations along stream reaches. Below are brief descriptions
of the habitat parameters for a high-gradient stream. For further details, see EPA’S
protocol.

Epifaunal substrate/available cover includes the relative quantity and variety of
natural structures in the sream, such as cobble (riffles), large rocks, fallen trees,
logs and branches, and undercut banks, available as refugia, feeding, or sites for
spawning and nursery functions of aguatic macrofauna. Habitat diversity is
increased when there is a wide variety and abundance of submerged structuresin
the stream.

Embeddedness refers to the extent to which rocks (gravel, cobble, and boulders)
and snags are covered or sunken into the silt, sand, or mud of the stream bottom.
More available habitat surface area is provided when a lesser extent of rocks and
snags are covered with fine sediment. To avoid confusion with sediment
deposition (another habitat parameter), observations of embeddedness should be
taken in the upstream and central portions of riffles and cobble substrate areas.

14



EPA RAPID BIOASSESSMENT
HABITAT ASSESSMENT FIELD DATA SHEET
COMBINED HIGH AND LOW GRADIENT FORMS

STREAM %AME LOCATION
RIVER BASIN
LAT LONG,
INVESTIGATORS FORM COMPLETED BY
REASON FOR SURYEY
DATE ! I TME___:_____ AM M

(High Gradient) {Low Gradient)
I. Epifaunal substrate/Available cover ~ ______ 1. Epifaunal substrate/Available cover
2a. Embeddedness 2b. Pool Substrate -
3a Velocity /depth Regime ___ 3b. Pool varability —_—
4. Sediment deposition 4. Sediment deposition S
5. Channel flow stars — 5 Channel flow status S
6. Channel alteration — 6. Channe! alteration PR
Ta. Frequency of riffles __ Th. Channel sinuosity g
8. Bank stability __ B Bank stability TR
9. Vegetative protection 5 Vegetative protection -
10. Riparian Zone Width — 10, Riparian Zone Width ey

HIGH GRADIENT TOTAL —_— LOW GRADIENT TOTAL Sm—
COMMENTS
Ver, 0207/01

Figure4-5. EPA Habitat Assessment Field Data Sheet



An ideal stream will have a variety of patternsin velocity and depth regimes: 1)
slow-deep, 2) slow-shallow, 3) fast-deep, and 4) fast-shallow.

Sediment deposition measures the amount of sediment that has accumulated in
pools and the changes that have occurred to the stream bottom as a result of
deposition. High depths of deposition are symptoms of an unstable and
continually changing environment that becomes unsuitable for many organisms.
The degree to which the channel is filled with water refers to channel flow status.
When water does not cover much of the streambed, the amount of suitable
substrate for aquatic organisms is limited.

Channel alteration occurs when the shape of the stream is straightened, deepened,
or diverted into concrete channels. It reduces the amount of natural habitats
available to fish and macroinvertebrates.

Measurement of the frequency of riffles (or bends) determines the occurrence of
heterogeneity in the stream. Riffles are a source of high-quality habitat and
diverse fauna. For areas where distinct riffles are uncommon, a run/bend ratio
can be used as a measure of meandering or sinuosity. A high degree of sinuosity
provides for diverse habitat and fauna

Channel vegetative protection reduces the amount of erosion, controls in-stream
scouring, and provides stream shading, which is better habitat for fish and
macroinvertebrates. It measures the amount of vegetative protection afforded to
the stream bank and the near-stream portion of the riparian zone.

Riparian Vegetative Zone Width, measured from the edge of the stream bank out
through the riparian zone, serves as a buffer to pollutants entering a stream from
runoff, controls erosion, and provides habitat and nutrient input into the stream.

The rating scale for the habitat parameters ranges from poor to optimal. A poor
rating scores between 0 and 5; margina score occurs between 6 and 10; sub-optimal
scores from 11 to 15; and an optimal rating ranges between 16 and 20. The total habitat
score for the riffle site is calculated by adding the individua parameter scores. The total
possible score is 200. Total scores from each site is compared to habitat assessments
during different flow regimes (i.e., spring versus summer and/or fall seasons).

4.2.2 Habitat Assessmentsin the Upper Charles River Sudy Areas

Following US EPA Rapid Bioassessment Protocols, CRWA conducted habitat
assessments in the Upper Charles River study areas over different seasons to document
and compare the habitats under different flow regimes. Analyses during different flow
regimes provided a better qualitative understanding of the relationship between flow
regime and habitat. In the fall of 2001, USGS staff trained CRWA staff on the
procedures for conducting a habitat assessment according to US EPA protocols. The
training was held near the USGS Medway gaging station in the Charles River, which is
located in a medium density residential area. USGS discussed the purpose and objectives
of conducting habitat assessments and the ten habitat parameters. They also identified
some of the habitat characteristics within the river reach. After the discussion, the entire
group conducted a compl ete habitat assessment.
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CRWA then conducted habitat assessments at other locations on severd
occasions. The results of the habitat assessments are discussed below. The fall habitat
assessment occurred on October 17 and 26, 2001 and December 6, 2001. On May 15 and
30, 2002, CRWA conducted the spring habitat assessment. Finaly the summer habitat
assessment was conducted on July 15, 2002. During each habitat assessment, the field
investigators scored the site for each of the ten parameters and noted any physical
observations on the data sheet forms. Field investigators also photographed the sites.

4.2.3 Habitat Assessment Results

Overall, the habitat assessment scores in the Charles River and Mine Brook were
higher in the spring when river depths were highest as a result of significant rainfall and
winter snowmelt. Spring scores were at least 17 points higher out of a total of 200 than
the fall scores, which were the lowest of all three seasons. The significantly lower fall
scores may be attributed to the drought in Massachusetts, which extended from August
2001 to April 2002. The completed habitat assessment field data sheets are located in
Appendix B.

Charles River Downstream of Echo Lake

On October 26, 2001 (low flow period), CRWA assessed the in-stream and
riparian habitat of the Charles River downstream of Echo Lake in Milford. The total
habitat assessment score for this site was 124 out of 180 (Table 4-2). The frequency of
riffles category was not applicable to this site because extremely dry conditions nearly
eliminated all of the flow in the river. However three months prior to the October 2001
site visit, riffles were observed by USGS and CRWA staff during the measurement of
channel and bank characteristics. The fall habitat parameter scores varied widely. The
velocity/depth regime scored the lowest, 1 out of 20, because no discernible flow was
observed in the river. Also the channel flow status scored very low as most of the water
in the channel existed as standing pools. The other parameters scored much better;
greater than 10. The epifauna substrate/available cover at this site was sub-optimal
because aguatic vegetation was absent and only small-woody debris was prevalent. The
other habitat parameters, embeddedness, sediment deposition, channel alteration, bank
stability, vegetative protection, and riparian zone width, all scored in the optimal
category. Findly, the low flow conditions had not significantly affected channel
morphology and vegetation in the fall.

The following spring, habitat conditions improved significantly due to spring
rainfall and snowmelt that fed the river and recharged groundwater supplies. On May 15,
2002, the poor ratings for velocity/depth regime, channel flow status and frequency of
riffles improved to sub-optimal/optimal ratings. Three out of the four velocity/depth
regimes were present — fast-shallow, slow-shallow and slow-deep. Because channel flow
reached the base of both lower banks and little channel substrate was exposed, the riffle
site scored a 20. In addition, the channel alteration and vegetative protection categories
scored 20s. Channelization and dredging was completely absent and the streambank
surfaces and immediate riparian zones were undisturbed and covered by a variety of

17



Table 4-2. Habitat Assessment Results
CharlesRiver, Milford

26-Oct-01 15-May-02 15-Jul-02

Epifaunal Substrate/Available Cover 13 16 12
Embeddedness 16 15 12
Velocity/Depth Regime 1 15 1
Sediment Deposition 19 15 16
Channel Flow Status 2 20 3
Channel Alteration 19 20 19
Frequency of Riffles 0 16 18
Bank Stability 18 18 18
Vegetative Protection 18 20 18
Riparian Zone Width 18 16 16
High Gradient Total 124 171 133

native vegetation. Riffles identified almost a year ago (August 2001) were observed in
May. Under the epifauna substrate and available cover category, there was a favorable
mix of snags, submerged logs, undercut banks, and gravel and cobble.

Since flow depths in the river decreased in the summer of 2002, the habitat
parameter scores for velocity/depth regime and channel flow status decreased to less than
five. On the other hand, the other summer habitat conditions remained the same or
decreased only dightly.

Charles River in Medway

The Charles River at the USGS Medway gage had the lowest fal habitat
assessment score due to a higher degree of development in the riparian zone (Table 4-3).
The embeddedness and channel flow status categories received the only optimal ratings
with scores of 19 and 17, respectively. Water reached the base of both lower banks and a
minimal amount of channel substrate was exposed. The ratings for most of the other
parameters ranged from marginal to poor due to the higher degree of development in the
immediate riparian zone. Because the riparian vegetative zone width at this site was less

18



Table 4-3. Habitat Assessment Results
Charles River, Medway

17-Oct-01 30-May-02 15-Jul-02

Epifaunal Substrate/Available Cover 10.5 9 16
Embeddedness 19 17 5
Velocity/Depth Regime 13 10 15
Sediment Deposition 11 16 10
Channel Flow Status 17 19 13
Channel Alteration 10 15 15
Frequency of Riffles 6 15 16
Bank Stability 10 11 13
Vegetative Protection 10 10 18
Riparian Zone Width 4 6 4
High Gradient Total 111 128 125

than 20 feet and little vegetation existed due to development, this parameter received the
lowest score Channel adteration, frequency of riffles, bank stability and vegetative
protection scored marginally due to development within the riparian zone.

The spring and summer habitat assessments, conducted upstream of the USGS
Medway gage, had higher scores than the fall assessment. The spring and summer scores
may have improved because the land use near the riffle sites is less impacted than the
riparian zone near the USGS Medway gage (Figure 4-6). Land use on the south bank of
the riffle site is less impacted than the south bank near the USGS gage where a road
paralés the river and homes are situated nearby. In addition, the 17-point increase in the
spring from the fall score may be partidly attributed to the higher river flows. The
channel flow status was optimal and dlightly higher in May when water reached the base
of both banks and a minimal amount of channel substrate was exposed. In the summer,
the vel ocity/depth regime category score was the highest.

19



Figure4-6. Riffle Sitein the Charles River, M edway

Mine Brook in Franklin

On December 6, 2001, CRWA staff conducted a habitat assessment just upstream
of the confluence of Mine Brook and the Charles River. Out of the three habitat
assessment sites, this site ranked highest in the fll with a score of 142 (Table 4-4). The
channel alteration, vegetative protection and frequency of riffles parameters scored in the
optimal categories. Channelization or dredging was completely absent in this stretch of
river and the brook followed a norma pattern. Both banks of the river were
predominantly covered by native vegetation. There was little vegetative disruption
through grazing or mowing. Riffles were fairly frequent in this section of the brook. The
parameters that ranked sub-optimally included embeddedness, sediment deposition,
channel flow status, bank stability, and riparian zone width. Gravel, cobble, and boulder
particles are 25-50% embedded by fine sediment and slight sediment deposition occurred
in the pools. Less than 25% of the channel substrate was exposed. Although CRWA
staff had difficulty in discerning the condition of bank stability, they observed a lot of
vegetation and some undercutting of banks. The riparian vegetative zone width differed
on the banks of the brook. The left bank riparian zone was greater than 60 feet with only
a powerline located within that zone. However, traversing through the riparian zone is
Route 140 and located within it a warehouse. Two habitat parameters, epifaunal
substrate/available cover and velocity/depth regime, scored marginally. The epifaunal
substrate parameter scored low at this site because the habitat features were
predominately small-woody debris and overhanging vegetation in arocky streambed
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Table4-4. Habitat Assessment Results
MineBrook, Franklin

6-Dec-01 30-May-02  15-Jul-02

Epifaunal Substrate/Available Cover 10 13 16
Embeddedness 14 17 8
Velocity/Depth Regime 10 13 9
Sediment Deposition 13 19 13
Channel Flow Status 11 12 8
Channel Alteration 20 20 19
Frequency of Riffles 17 18 17
Bank Stability 14 16 17
Vegetative Protection 18 18 19
Riparian Zone Width 15 18 19
High Gradient Total 142 164 145

while no emergent, floating, or submerged vegetation were evident. Only two out of the
four habitat regimes were present; fast velocity-shallow depth and slow velocity-shallow
depth.

In the spring, the total habitat assessment score improved to 164 due to higher
flow in the brook and more vegetative growth on the banks. In particular, the
velocity/depth regime, channel flow status and epifauna substrate/available cover
categories scored higher in the spring. Category ratings were predominately optimal with
only three sub-optimal. A month and a half later in the summer, the habitat assessment
score decreased to amost the same level as the fall score. The greatest change occurred
to the flow of the river, which decreased to affect the embeddedness of the streambed, the
velocity/depth regime, and channel flow status. Only 50% of the available channel was
filled with water and two out of the four flow regimes were present.
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50 SURVEYSFOR FISH SAMPLING

To support efforts by the Massachusetts Department of Fisheries, Wildlife and
Environmental Law Enforcement (DFWELE) to assess the fish populations in the
Charles River and its tributaries, CRWA staff evaluated potential sites for sampling and
studying. Because of the efficiency of CRWA staff in surveying potential sites, CRWA
expanded the scope of this task from evaluating two sites to evaluating more than 50 sites
which contributes to some of the work dated for an upcoming MET grant, known as
“Target Fish Assemblage for the Charles River Watershed” (discussed further in Section
9.0). The site evaluations conducted in this project will afford more time and energy on
other important tasks of the Target Fish Assemblage Project such as advocacy of lega
and technical mechanisms to improve flow conditions in the river and education of the
public of the effects of low flow on the environment.

In the summer of 2002, staff identified over 50 potential sites on the main stem
and tributaries. The goal is to sample sites, which are representative of the watershed as a
whole, with sites typifying the differing habitats found throughout the river. Therefore
the objective of site surveys was to select sites that represent the following habitat and
flow regimes:

Main stem —riffle;

Main stem — pool/impoundment;
Main stem — run;

Tributary — riffle;

Tributary — pool/impoundment;
Tributary — run; and

Ponds.

Other factors that were significant to site selection included:

Ease of access (to determine which sampling method is most appropriate);
Average depth of water (to determine which sampling method is most
appropriate; also may indicate areas where flow modifications could enhance
habitat);

Length of reach (fish sampling requires approximately 100 feet of reach to be
effective);

Stream bottom composition (to understand habitat; also important in determining
sampling technique);

Correlation with other watershed studies for water quality or flow (it is preferable
to correlate sites for fish studies with sites where CRWA or others collect water
quality and flow data so that future enhancements can be assessed); and

Areal extent of river on state 303(d) list (indicating water quality impairment).

In early July, staff narrowed the sites down to approximately 30 possible locations
and these were mapped using Geographic Information Systems software. During the first
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2 weeks of July, staff began visiting sites to collect information on each site. The
following parameters were determined for each site:

Site ID number;
Description of location;
Town;

River mile;
Sub-basin;

Flow regime;
Stream bottom type;
Stream width;
Stream depth;

L atitude/longitude;
Access point; and
Equipment type.

Staff site visits resulted in a further narrowing of site selection to 22 sites, 13 on
the main stem and 9 on tributaries (Figure 51). This information was forwarded to
DFWELE staff for their use in summer/fall 2002 sampling projects.

6.0 PUBLIC EDUCATION

To increase public awareness on low flow issues and the effects of low flow on
aquatic habitat in the Charles River, CRWA has educated and involved the public in the
project work. College interns provided assistance to CRWA in the field by measuring
water depths and conducting habitat assessments at the riffle sites. The students gained
hands-on experience in field techniques for assessing habitat conditions and monitoring
river depths. By engaging the students in this project, they have become knowledgeable
about the health of the river’s ecosystem, the ecological implications of low flow, and
may act as stewards for theriver.

In addition, CRWA wrote an article in our Sreamer Winter 2001 newsletter to
describe the low flow problems in the upper watershed and how we are addressing this
issue through this project funded by MET. The Streamer newsletter reaches a wide,
diverse audience with a distribution to over 5,000 members and friends of the river. The
article is located in Appendix C. The article and a summary about the project including
pictures from the field are available on our website, www.charlesriver.org

CRWA is coordinating with the Urban Ecology Institute, a research, advocacy
and education organization that promotes the health of urban ecosystems, a fish sampling
field trip for middle and high school students in the metropolitan Boston area. We hope
to host the event in the fall 2002.
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Information gained from CRWA'’s field work has signaled that the watershed’s
aguatic habitat is being affected by low flow. We have brought this information to the
attention of the Massachusetts Department of Environmental Protection and the
municipalities, and advocated for remediation of low flow, such as through targeted
infiltration of stormwater, and for improved water use policy and regulation. CRWA isa
participant in the Massachusetts Instream Flow Task Force (MIFT), an ad hoc group of
environmental organizations and state and federal agency representatives that meets
regularly on flow and habitat issues. The information gained in this project contributed
to our understanding of the need to preserve and restore flows and led us to examine the
existing regulatory framework in Massachusetts for flow protection. CRWA and other
members of MIFT determined that the Massachusetts Surface Water Quality Standards
should be revised to include flow provisions and stronger habitat protection and we have
proposed regulatory revisions to accomplish this that will soon be presented to state
environmental officials and the U.S. Environmental Protection Agency. Additionally,
CRWA is using the expertise we have gained from the project to strengthen habitat
protection in the Charles River watershed by submitting written comments on pending
Water Management Act permits for water withdrawals over 100,000 gallons per day, and
on proposed development projects throughout the watershed.

7.0 COLLABORATION WITH USGS

The time frame of this project corresponded to a USGS project to develop and test
a methodology for determining minimum streamflow in a river based on impacts to
fisheries and habitat. Through MET funding, CRWA sought training from USGS to
increase our in-house capabilities on studying aquatic and wildlife habitats while also
providing assistance to USGS project. Described earlier in the report, USGS provided
training on how to conduct habitat assessments according to the US EPA Rapid
Bioassessment Protocols.

In cooperation with the Massachusetts Department of Environmental
Management, USGS tested several methods for determining the streamflow requirements
for habitat protection and for assessing the error associated with the different methods.
The purpose of the study was to provide preliminary streamflow estimates necessary to
sustain aquatic habitat at riffle sitesin theriver. It was demonstrated in a previous USGS
study on the Ipswich River that riffles are the first channel type to lose significant habitat
as discharge decreases, and are aso the first channel type to become dry (Armstrong and
Parker, 2000). Streamflow requirements were estimated at three riffle sites in the upper
Charles River watershed; two sites on the mainstem and one site on Mine Brook, a
tributary to the Charles River. The mainsteam sites are located near the headwaters of the
Charles River just downstream of Echo Lake and immediately upstream of the USGS
Medway gaging station (01103200). CRWA provided extensive assistance to USGS by
surveying riffle sites and collecting water level data.

The R2Cross Method and the Wetted-Perimeter Method, two standard-setting
methods, were used by USGS to estimate minimum streamflow requirements for aquatic
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habitat protection at the riffle sites. These methods are applicable to riffle sites and are
based upon field observations and independent of actual flow conditions. In the R2Cross
Method, three hydraulic parameter criteria, mean depth, percent bankfull wetted
perimeter, and average velocity were used to determine the required streamflow for
habitat protection in riffles. The Wetted Perimeter Method assumes that the wetted
perimeter of a stream, the width of the streambed and stream banks in contact with water
for an individual cross-section, is used as a measure of the availability of the agquatic
habitat over arange of discharges (Annear and Conder, 1984; Nelsen, 1984).

Results from the USGS project are still under internal review.
8.0 EVALUATION

In addition to preparing and submitting the final report for the final phase of the
project, CRWA performed a project evaluation. The evaluation was broken down by
goal, with an assessment of both specific tasks and of the broad goal each task supported.
The guestions and the correspording responses are presented below.

Goa 1: Develop in-house technical capability to conduct habitat assessments;

Was CRWA staff properly trained to perform habitat assessments?
In the fall 2001, USGS properly trained CRWA staff on how to perform habitat
assessments according to US EPA procedures described in Section 5 of EPA’s Rapid
Bioassessment Protocols for Use in Streams and Wadeable Rivers.

Wer e habitat assessments performed in accordance with the training?

Habitat assessments in the upper watershed were performed in accordance with
training by USGS. As a reference, CRWA reviewed EPA’s rapid bioassessment
document that thoroughly describes the habitat assessment procedures and categories.
Also, CRWA used the field forms included in the EPA document.

Goa 2: Develop baseline data of habitat conditions; and

What fieldwork was accomplished as part of this research?

Habitat assessments were conducted at three riffle sites in the upper watershed during
different flow regimes. On three separate occasions, CRWA staff visited the sites and
documented the physical and hydrological characteristics of the sites. Also CRWA
measured water depths at the riffle sites on five separate occasions during different
flow regimes to assist USGS in estimating the minimum streamflow requirements at
these critical habitat locations.

What questions did the fieldwork help to answer?

The field work in the upper watershed provided CRWA a better understanding of the
effects and the extent of low flow on aguatic habitat. Also, the data collected by
CRWA was very beneficial to USGS who used the water depth data for estimating
the minimum streamflow at the riffle sites.
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Did the work lead to the identification of problem areas and potential solutions?
CRWA has identified that riverine habitat is significantly impacted by low flow
conditions. Higher habitat assessment scores corresponded to average or above
average flow conditions while lower streamflow resulted in lower habitat assessment
scores (compare May 2002 scores to Oct/Dec 2001 scores).  This trend was
particularly evident in the smaller waterbodies, Charles River at Milford and Mine
Brook in Franklin. These results show that there is an immediate need to conserve
water and increase rainwater and snowmelt recharge to the groundwater sources. To
help address the current water resource problems, CRWA has designed and
developed SmartStorm™, a rainwater recovery system that collects rainwater from
the roof and stores it for future irrigation, nonpotable uses, and recharge into the
ground. Currertly, there is a pilot project in the town of Bellingham located in the
upper watershed to test the effectiveness and function of the system. Additionally,
CRWA, as a member of the Massachusetts Instream Flow Task Force (MIFT), is
working to promote the introduction of low flow reguirements in the Massachusetts
water quality standards.

Goa 3: Increase public awareness of low flow issues and the effects on habitat;

Wer e volunteers used during data collection?
Volunteer college interns assisted CRWA in data collection specifically measuring
river depths and conducting habitat assessments in the upper watershed.

What written materials (newsletter article, Web page article) were made available to
citizens?

‘Low Flow and Habitat Assessment Project’ was the lead article in the winter 2001
edition of CRWA'’s newdletter, the Streamer. See Appendix C for the newdletter
article. In addition, CRWA has described the project goals and tasks on our website,
www.charlesriver.org

How many citizens received these materials?

Over 5,000 members, concerned citizens and public officials recelve the Streamer
newsletter. In addition, the newsletter is made available on our website which
receives an average of 200 sessions or hits per month.

Did other agencies, organizations, schools or municipal offices work with CRWA on
these issues?

CRWA collaborates closdly with USGS, the Massachusetts DFWELE and the
Massachusetts Department of Environmental Protection (DEP) in understanding and
addressing the issue of the effects of low flow on agquatic habitat and fisheries. These
organizations were instrumental in assisting CRWA accomplish the project goals and
tasks.
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Goa 4: ldentify state or local policy changes to increase flow and improve habitat in
affected aress.

What information was presented to state or local officials as a result of this effort?
Are any changesto local or state policy proposed as a result of these efforts?

CRWA and other members of MIFT determined that the Massachusetts Surface
Water Quality Standards should be revised to include flow provisions and stronger
habitat protection and we have proposed regulatory revisions to accomplish this that
will soon be presented to state environmenta officials and the U.S. Environmental
Protection Agency. Additionally, CRWA is using the expertise we have gained from
the project to strengthen habitat protection in the Charles River watershed by
submitting written comments on pending Water Management Act permits for water
withdrawals over 100,000 gallons per day, and on proposed development projects
throughout the watershed.

Goal 5: Support flow and habitat research of USGS

Were USGS Quality Assurance/Quality Control requirements followed?

USGS quality assurance/quality control requirements were followed by CRWA in the
field.

Were the CRWA-collected data accepted by USGSfor use on their project?

USGS utilized the water depth measurements collected by CRWA staff to estimate
the minimum streamflow requirements at the riffle sites.

90 CONCLUSIONSAND RECOMMENDATIONS

By meeting the goals of the project, CRWA has gained a better understanding of
the implications of low flow in the river and tributaries to fisheries and wildlife. Low
flow negatively impacts the environment that fisheries and wildlife depend on for food,
cover, movement and habitat. The baseline data of habitat conditions in the upper
watershed shows habitat scores are lower during low flow regimes and higher during
moderate to high flow regimes. In addition, CRWA has supported USGS efforts in
determining the minimum streamflow requirements for riffle sites, which we could
possibly advocate for as a target. We have raised the awareness of the public and state
and local officials of the issues of low flow and its effects on habitat and are promoting
changes to state policy on water quality standards. Lastly, we have met our goal of
developing in-house technical capability to conduct habitat assessments that can be
applied to future projects.

CRWA will build upon the skills and information acquired from this project in an
upcoming MET project called “Target Fish Assemblage for the Charles River
Watershed.” Commencing in September 2002, this project will continue to promote our
understanding of the effects of low flow on ecosystem integrity, yet it will focus more
heavily on the effects of low flow on fish communities in the Charles River. In this
project, CRWA will work closely with the Massachusetts Department of Fisheries,
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Wildlife and Environmental Law Enforcement to identify the river fish communities and
the minimum stream flows necessary to support them. The project will define what the
expected riverine (target) fish community should be based on historical records of fish in
the Basin and the identification of the community appropriate for a natural river in
southern New England and/or appropriate reference river. This information can then be
utilized in long-term management planning and decision-making about the river to
establish clear restoration goals. By participating in this study and assisting DFWELE,
CRWA will strengthen its own knowledge of flow and fishery habitat issues in the river.
This will inform our advocacy work on management and permitting decisions affecting
the river. It will also provide a vehicle for educating the watershed communities and the
public about the importance of in-stream flow to fisheries and ecosystem health.

Compared to the surveys conducted on the Charles River and Mine Brook for the
Low Flow and Habitat Assessment Project, the Target Fish Project greatly broadens our
geographical scope and the number of fisheries investigated. CRWA will be involved in
the fish surveys themselves, and the fisheries data processing. We have aready
identified river and tributary sites that represent the relative proportions of different fish
habitats (riffle, pool, and run) and prioritized and selected at least 20 sites for fish
sampling. In addition, CRWA will extend its current inventory of habitat assessments by
conducting single habitat assessments at eight priority fish sampling sites. Again we will
examine river sites for characteristics such as vegetation, land use, sediment/substrate,
available cover, channel alteration, bank stability, axd protection. Finaly, we will
promote public awareness and education of the effects of low flow on the fisheries
population of the Charles River through written materials and hands-on public
involvement.

10.0 REFERENCES

Annear, T.C. and A.L. Conder, 1984. Relative bias of several fisheries instream flow
methods: North American Journal of Fisheries Management, version 4, p. 531-539.

Armstrong, D.S. and G.W. Parker, 2000. Habitat assessments, streamflow requirements
and fish communities in the Upper Charles River, Massachusetts. United States
Geological Survey, MassachusettsRhode Island District. In cooperation with the
M assachusetts Department of Environmental Management.

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling, 1999. Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates and Fish, Second Edition. EPA 841-B-99-002. U.S.
Environmental Protection Agency; Office of Water; Washington, D.C.

Barbour, M.T., JM. Diamond, and C.O. Yoder, 1996. Biological assessment strategies:
Applications and Limitations. Pages 245-270 in D.R. Grothe, K.L. Dickson, and
D.K. Reed-Judkins (editors). Whole effluent toxicity testing: An evaluation of methods
and prediction of receiving system impacts, SETAC Press, Pensacola, FL.

29



Nelsen, F.A., 1984. Guidelines for using the wetted perimeter (WETP) computer
program of the Montana Department of Fish, Wildlife, and Parks: Bozeman,
Montana. Montana Department of Fish, Wildlife, and Parks.

Parker, GW. and D.S. Armstrong, 2002. Preliminary assessment of streamflow

requirements for habitat protection, Assabet River and Charles River Basins, Eastern
Massachusetts. United States Geological Survey Open File Report 02-340.

30



