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Executive Summary

This reconnaissance study investigates the ecological impacts of potential spring water
withdrawal s on t hendWyvdtebmie kabitatandalevédops f i s h
assessment and mitigation methodology applicable for future withdsaeal
determination. The projectds main goal i's t
for determining impacts and mitigation options reddie spring water withdrawals.

Data collected from the Wekepeke Brook in Sterling, MA was used to demonstrate the
techniqgue and technol ogy. The studybés pri ma
Watershed immediately surrounding previously proposedrwatiedrawal sites

downstream of the Spring, Lynde and Heywood Reserveigsife 1).

The studycollected detailed informatioon riverine fishes, sensitive taxhge hydrology,
geomorphology, physical and chemical characteristics of the river. Modéddedtymins

for fish and invertebrates species were used
and for assessing the benefits of ecological improvements made by repairing damage
caused by both the historical and current use of Wekepeke B@iapter One of the

report describes the current eaxpdromorphologic status of the Wekepeke Brook in terms

of riverbed structure, hydrology, thermal conditions, water quality, as well as status of the
fish and benthic fauna and their habitat limitationss & summary of conducted research
and historic knowledge for which details can be found in 13 attached Appendices. In
Chapter Two, the potential changes to habitat patterns are simulated using a number of
scenarios, including future withdrawals as welhaitigation measures. Dhapter

Three, the lessons learned from this study are discussed, as well as the applicability of
the developed approach for the evaluation of potential water withdrawal sites. This report
aims to provide a foundation for ananfedscientificand reasonable dialog with local
communities and stakeholders on the issues of site selection and impacts.

Chapter One Summary

Chapter 1 introduces the Wekepeke Watershed through its setting and historic uses. The
watershed lies primarilwithin the town of Sterling (including all of the study area), but

is also within the towns of Leominster and Lancagtegure 1). The watershed drains

11.5 square miles and empties into the Nashu
length is approxnately 5.1 miles, of which we will be focusing on about 2.1 river miles.

The study area is dominated by forest, but is crossese\mral roads siuding two

secondary roadspntainssomeresidentiahouse lots andomeareas of agricultural land.
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Figure 1. Wekepeke Watershed and Study Area.

There have been many changes to this area of the Wekepeke Brook Watershed over time.
Since 1830, the land has gone from mature forests, to agricultural and industrial use, and

has now ratrned primarily to forest. The creation of several mills and associated

reservoir ponds led to the establishment of the Clinton Water Works in 1876, which

briefly provided the Town of Clinton with over 1.2 million gallons of water daily (833

gpm or 1.85&fs). The construction of the Wachusett Reservoir between 1897 and 1908,
made Clintondéds use of the Wekepekeds water o
the brook. Since the town of Clinton holds right to the reservoirs as a potential

supplemerdl water supply, full residential development of the watershed has been

preventedCl i nt onés ownership and responsibility
recent debates with the town of Sterling, where the land is located.

Recently, Nestlé Waters osed the development of water withdrawal sites upstream of
Spring Basin with the maximum withdrawal potential of less than 250,000 gallons per
day (0.4 cfs).Their investment in groundwater research within the system and the
subsequent suspension of aitiies within these communities generated a wealth of data
and thus, initiated this study. Determination of the ecological status quo included the
analysis of hydrologic and thermal regimes, water quality, the investigation of fish and
invertebrate statusnd the development of physical habitat models using the
MesoHABSIM approach. Our research has shown that this is the first such
comprehensive analysis of the Wekepeke Brook. It provides valuable information about
theecmystem and should aidh e  tlozated within and downstream of the Wekepeke
in future management and decisioraking.

The studynotedthat Wekepeke Brook is a headwater stream typical of those in central
Massachusetts and is a valuable ecological resotttoeiever, a number of idefied



impairments may affect ecosystem health and adversely affect habitat further
downstream. In general, the stream is characterized by high amounts of ground water
contributions and colavater temperatures. Compared to many other streams in the area,
it appears not to be strongly impacted by recent suburban development, although
residential pressureto exist in the watershedl'he fish and invertebrates species are
abundant and the riparian area is rich in wildlife.

However, the remnant water worksratructure and recent housing encroachment has
resulted in the impression of a much more human impacted stream than was initially
expected. A greater detailed analysis confirmed this observation, corroborating that both
sources cause impairment of thetieam fauna.

Our thermal recordings demonstrated that all three reservoirs (Heywood, Lynde and
Spring basin) affect the water temperature downstream. Although the temperature was
elevated by the reservoir outlets in 2008, it did not exceed levels catsidehal for
coldwater fish such as brook trout. Furthermore, water temperatures decrease quickly
downstream through the substantial contributions of groundwater entering the stream.
However, during drought conditions, water temperatures in the upperpof the
watershed could become a critical issue to the fauna health and their distribution.

The studied portion of the Wekepeke Brook was found to be a gaining stream throughout
the majority of its reach, meaning there is an accumulating contribaftremoff and
groundwater discharge. This conclusion is based on miniature piezometer readings, as
well as stream gauging. Currently no USGS gauging stagiiaton the Wekepeke

Brook; however, the Nashoba Brogiigedata can be used to calculate atneflow

records using a flow duration curve developed for this reach of the Wekepeke Brook.

In terms of water qualitylthough not a core component of this projeet,observed that
the upper portion of the study area is impacted by nutrients creatidgicos promoting
the success daftresstolerant species. Often, N/P levels >20 are indicative of P limited
productivity and of an environment typical to eutrophic reservoirs. The spillways of
Heywood Reservoir and the Lynde Basin shared high N/P ratiosh promote algae
growth and overproduction.

Overall, the turbidity is in a range that could affect the abundance and diversity of macro
invertebrates. The highest turbidity value was measured at the Spring Basin spillway.
This goes hand in hand wihcreased conductivity, increased chloroptay(chl-a)

levels, and lowest DO and pH at this site. The footprint of the Spring Basin outflow can
still be observed downstream at the Section 5 sample location.

The river contains high densities of invertébriauna, but deviates from the expected
community. This is mostly due to the overabundance of Trichoptera (caddisflies), which
may be indicative of a shift in community makeup due to increasing ecological stress.

We found a high density of freshwater $sals of only one species, eastern pearlshell
(Margaritifera margaritiferg. Freshwater mussels are a critical component of the
ecosystems due to their capacity for filtering substantial amounts of water and their use as
a food source to many riparian tefsrates. Eastern pearlshell mussels, typically found in
cold-water streams with their salmonid fish host, were found to have increasing densities
downstream irthewider stream channels. Low number of mussel juveniles found during
the survey indicate®Ww recruitment levels of this long living species and a potential



change in their reproductive health. This may be due to the low observed densities of
brook trout (a salmonid host) in the upper portion of the study area.

The 2008 survey revealed highifidensities, but the community structure deviated from
the expected community, which should be dominated by brook Baiuglinus

fontinalis). Instead, a large number of more tolerant blacknose &4mei¢hthys atratus
and warm water species were do@anted. Further downstream, the community structure
and abundance of brook trout, is closer to what is expected.

Theresultsdetailed inChapter 1 suggest that the Wekepeke Brook may be affected by
water quality conditions conducive to supporting wavater, pollutiortolerant species,

while limiting cold-water species. Based on the overall dissimilarity of the existing fish
community to the Target Fish Community (TFC), the biological integrity of the study area
appears to be impaired.

The existing fish hbitatin the brookcorresponds well with the fish observations,
indicating an increase of brook trout habitat downstream and greater amounts of
blacknose dace. Adding structural improvements would offer conditions better
supporting brook trout populatierand additional habitat availability at extreme low

flows. This is confirmed by the time series analysis, which identified the criteria for
summer sd base anTdbled)artdshowstthatrihe eumibet ob halsitat (
stress days (when the critedaee violated) could be reduced with these measiieddd

2). Based on current flow regimes, the current habitat configuration is predicted to have
catastrophic habitat conditions seven times more frequent than unohepacted

conditions.

Table 1;: Selected base and subsistence flow thresholds for the Brook.

Rearing &
Bioperiod Growth
Approximate dates July - Sept.
Base flow reference (cfsm) 0.71
Allowable duration under (days) 20
Catastrophic duration (days) 81
Subsistence flow reference (cfsm) 0.05
Allowable duration under (days) 12
Catastrophic duration (days) 28
Absolute minimum flow (cfsm) 0.001

Table 2. Increase in number of stress days compared to reference

Location Wekepeke River
Type Persistent Catastrophic
Rearing & Growth
July 1 - Sept. 30
Common events (% stress days) 132% 127%

Rare events (% stress days) 287%_

The effect on eastern pearldhelussel habitat is similar. In each case, the habitat
modification increased the habitat available at very low flows offering greater survival




options during extended droughts.

Chapter Iof this study concluded that the fish and invertebrate faunaeistedf by
human impacts and identified a number of possibilities for improvement of the health of
the watershed.

Chapter Two Summary

In Chapter 2, various scenarios are configured and analyzed in order to understand the
potential effects of water withdrawsbm the Wekepeke Brook. The purpose of this
analysis is to find offsets to the potential impacts from water withdrawal, while improving
the overall habitat conditions for aquatic fauna.

The first six scenarios use modifications in Hydromorphologic Uaitgnproving

available habitat for the current fish community. The main aims in altering the

hydromorphology of the Wekepeke Brook were to provide: a strong increase of habitat

for brook trout, a reduction of blacknose dace habitat and limited indrasther

species (white sucker, longnose dace and common shiner). For example, one scenario

may achieve this through increasing highly s
while reducing other factors that are unsuitable for brook trout h@Biffles, Rapids,

impoundments and Akal sections). A community species suitability curve is used to

represent the findings of these simulations. The associated reference habitat template of

the first six scenarios can be found in Chapterable 20.

Scenarios 713 incorporate the habitat modifications of scenario 6 in developing a habitat
time series for flow modifications. These flow time series are based on historical and
simulated flow data that use three quantities of water withdrawals (0.@=ffs and

1.0 cfs). Flow augmentations from Heywood Reservoir are also simulated to predict
solutions for flow management and habitat availability in Wekepeke Brook.

Simulations 713 use the percentage of number of stress days (NSD) calculated for the
reference model to understand changes in frequency of both rare habitat conditions and
common habitat conditions. In other words, percentages nearest to 100% are indicative
of frequencies of stress days closest to the reference standards, categorizad eithe
persistent or catastrophic events. Catastrophic events of 0%y sfgatithe available

habitat never reduces to catastrophic conditidrihough they may not be close to the
reference standard percentage this could be chosen as managemeit éassyettthe

fish community recovery and to counteract the impacts of climate change.

Scenario 13 iMable 3below, demonstrates that stress days for common habitat (99%)
remains near the reference level, while the frequency of rare habitat is low (8@9g); a
with the occurrence of no catastrophic events (0%), this scenario is one of the most
optimal for providing available habitat for fish.



Table 3: Increase in number of stress days in scenario 13.

Location Wekepeke River
Type Persistent Catastrophic

Rearing & Growth
July 1 - Sept. 30

Base flow (% stress days) 99%
Subsistence flow (% stress days) 36%

The simulations and their mditiations build upon each other until it is possible to

determine the beditting scenario. In the first simulations, different withdrawal
thresholds are tested undeeWe k e pekeds present morphol ogy c«
are then investigated finer to understand how the addition of morphological

improvements would improve results, allowing room for mitigation strateJiisle 4

summari zes the scenari oso: habitat state (cu
water (0.05 cfs, 0.5 cfs and kf¥), and other modifications (static augmentation vs.

dynamic augmentation of Heywood Reservoir).

Table 4: Summary of NSD calculated for current conditions and simulated scenario.
The cells without the highlight indicate no substatial change from the reference,
while yellow and red highlights demonstrate considerable and substantial deviation.



Number of Stress Days Wekepeke River

Comparison by Scenario  |persistent |Catastrophic
Current condition

Common events (% stress days) 111% 102%

Rare events (% stress days) 1?5%_

Scenario 7: current hahitat, withdrawal 0.05 cfs

Common events (% stress days) 97 % 100%
Rare events (% stress days) 243%

Scenario 8: current hahitat, withdrawal 0.5 cfs

Common events (% stress days) 129% 160%
Rare events (% stress days)
Scenario 9: current hahitat, withdrawal 1 cfs
Common events (% stress days)
Rare events (% stress days)
Scenario 10: improved habitat, withdrawal 0.5 cfs

Common events (% stress days) 127 % 122%
Rare events (% stress days) 202%

Scenario 11: improved habitat, minimum flow

Common events (% stress days) 127 % 122%
Rare events (% stress days) B1% 56 %
Scenario 12: improved habitat, static augmentation
Common events (% stress days) 23%

Rare events (% stress days)
Scenario 13: improved habitat, d

ynamic augmentation

Common events (% stress days) H9%
Rare events (% stress days) 36 %
Scenario 14: current habitat, dynamic augmentation
Common events (% stress days) 83 %

Rare events (% stress days) 86 %o

Although scenario six introduces habitat improvements, these alone do not provide
sufficient benefits to fish fauna when undergoing waitigndrawals simulated in

scenarios -B. Scenario 11 is one of the first attempts in managing flow, controlling a
minimum flow of 0.5 cfs of the brook. This strategy brings the NSD very close to the
reference level Scenario 12 increases the amouni@ivfadded to the system in a static
augmentation from the Heywood Reservoir and thus creates a NSD far below reference
conditions. Scenario 13 uses dynamic flow augmentation from the Heywood Reservoir,
which increases flows by 0.5 cfs for two days onlyewlthe persistent duration of rare
conditions is exceeded. This scenario is tried again in Scenairithisdtime in the
streambs current condition without habitat i
this method of dynamic augmentation (Scergfi® and 14) has an outcome with the
closest NSD to the reference conditions, while also creating no catastrophic events.

Chapter 3 Summary

Chapter 3 is the reflection portion of the report. It discusses lessons learned from the
study and similar studieghile also laying out the necessary steps in achieving the
Afsustainable devel opment o approach to commer



development is attainable when identifying effective mitigation measures and
opportunities for improving the existing@system, while compensating for industrial
measures. Additionally, a platform for reasonable dialog with the local constituency
should be secured to discuss the environmental costs and benefits for future operations in
the community.

The Wekepeke Brookt&dy found that the current management, or lack of action, may

|l ead to further degradation of the brookos
improvements are currently necessary. Thereby, improvements to local flora and fauna as
well as providing recreainal and aesthetic benefits would be available to the

surrounding communitiesSince these improvemertsuld require difficult to-find

management, engineering and financial resources in the public seetstakeholders

can considerestoration and phning services as a compensation strategy for use of local

water resources.

Based off an Efficient Management Strategy for Sustainable Water Resources developed
by The Nature Conservancy, the Wekepeke study adapted the following four strategies:

1) Defining numerical estimates of key aspects of river flow

2) Accounting for human uses of water

3) Assessing incompatibilities between human and ecosystem needs
4) Searching for solutions (ie: using the MesoHABSIM approach)

Moreover, during the study, these stigies included tasks such as reconnaissance
(background, indicatorandsurvey), field data collection (delineation), calculations (flow
analysis, habitat time series) and outreach (local attention, scientific r@ncamedia).

The importance of publiewolvement is stressed in Chapter 3. The idea is to assure the
public through a transparent and scientifically sound prabesshe methodology is

based in sound science amdll suited for a number of problem solving and management
applications Localorganized groups, such as watershed organizationsgrvation
commissionsstate and federal agencies should be informed early about the study plan
and their input should be incorporated in the course of action.

Finally, Chapter 3 concludes that the ggss of sustainable water withdrawal

development should be tried again in a project differing from the Wekepeke Brook to
secure validity. Moreover, in order to increase public approval and scientific recognition,
it would be beneficial to broaden partiatppn from various scientific and related
organizations, such as The Nature Conservancy.



Chapter 1.0: Project Introduction

Purpose, Objectives and Content

Nestlé Waters North America contracted scientists from Rushing Rivers Institute (RRI) to
conduct a aientific investigation of the Wekepeke Brook ecosystem. The study

investigates the ecological i mpacts of poten
fish and invertebrate habitat, and develops assessment and mitigation methodology
applicableforit ur e site determinati on. The studyo6s

Wekepeke Watershed immediately surrounding the withdrawal sites, especially those
areas downstream of Spring, Lynde and Heywood Reser¥agsré 2).

This report will describe a ot project that uses the Wekepeke Brook as a case study.
The area had previously been investigated for possible development as a water
withdrawal site. In collaboration with environmental consultants who were involved in
the groundwater modeling andesgelection process (Northeast Geosciglmz®) and
through funding secured byestlé Water&orth America an independent scientific study
of the proposed site was conducted in a number of incremental steps, leading to the
creation of a transferable methfor ecologically sound impact assessment, prevention
and mitigation.

Goal

The development of scientific and ecological methods for the determination of impacts
and mitigation options related to spring water withdrawals.

Objectives

The overall objectivesf this project are:

1 Investigate the consequences of potential water withdrawals on fish and
invertebrates in the vicinity of the wells and downstream.

1 Define options for impact avoidance and mitigation.

Identify opportunities for environmental compensatby ecological
improvements on rivers and streams downstream of the wells.

1 Develop a strategy for the transfer of this method and application to other sites
with an existing or planned spring water withdrawal.

The researchers of this study focused oarme fishes and other significant elements of
the river system, including: sensitive taxa, hydrology, geomorphology, and
physical/chemical characteristics of the river. However, the scientific scope was limited
to the factors that would be directly affed by water withdrawal actions.

Modeled habitat gains for fish and invertebrates species are used as a metric for
measuring the projectds i mpact and for asses
made by repairing damage caused by both the laatand current use of Wekepeke

Brook.

The work described here should not be considered an endorsement of any Nestlé Waters



products nor does it represent any interest of the corporation. The sole goal of this
project is the development of an ecologicalbynd strategy for use of water resources

that is protective to and benefits the natural flora and fauna of the study region. We hope
that this strategy will be applied during an informed planning process and sustainable use
of the pl aneourées. ecol ogi cal re

The catalog of improvement options and recommendations will be presented to the
company as a result of our investigation. Rushing Rivers conducted this project in
collaboration with its associates and other independent scientists to incorparage af
scientific expertise. To assure scientific credibiltg expect thathis project will
undergo independent pe&view.

Data Sources

In developing this project, part of our responsibility was to review the existing literature,
and identify anyongoing studies concerning the Wekepeke Brook and its watershed. We
researched journal articles, published books, surveys, unpublished work from groups
examining the other values of the river, and data from the Internet. The search centered
around the istoric land usage of the watershed, the change in ecological systems over
time due to flow alteration, and the current state of the watershed with a focus on riverine
ecology.

Libraries

The libraries accessed during the study include the W.E.B. Duboery.ithe Integrated
Sciences and Engineering Library (UMass, Amherst), the Robert Frost Library (Amherst
College), the William Allen Neilson Library (Smith College), the Robert R. Young
Science Library (Smith College), the Mount Holyoke College Librad/tae Harold F.
Johnson Library (Hampshire College).

Reports

A reportConcept Plan: For the Development of Spring Water Soumésished by
Northeast Geosciencknc. in 2007 was helpful for general background information and
for a summary of Nestlé Wates 6 wi t hdr awal pl an.

Northeast Instream Habitat Program and Rushing Rivers Institute

Another available resource that helped us significantly was the recent instream habitat
modeling studies conducted by the Northeast Instream Habitat Program and Rushing

Rivers Institute. The hydroecological assessment reports, expansive database of fish

habitat observations, as well as the MesoHABSIM models were very advantageous in
developing models and survey strategies for the Wekepeke watershed.

Online

Internet siteslat were used include Web of Science, Bio Abstracts, BioOne, Zoological
Record, Aquatic Science and Fisheries Abstracts, Science.gov, Birds of North America,
Science Direct, Agricola, Academic Search Premier, ISI Proceedings, Environment
Index, CAB Abstrats and WorldCat.
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GIS data

Most of the GIS data layers used in this project were derived from those obtained from
the Massachusetts Geographic Information System web site
(http://www.mass.gov/mgis/massgigd). Some stream shapes were created using The
Nature Conservancyods stream | ayer. Al |
by the Rushing Rivers Institute.

Empirical data

In spring 2008, Rushing Rivers conducted a reconnaissance surveytotharea to
determine obvious and potential sources of impairment as well as a need for additional
field data to describe the ecological status of the Wekepeke Brook. The data was
collected to describe water quality and quantity, water temperature lasswekrent

status of the fish and invertebrate fauna.

Chapter 1.1: Watershed Description

Geographical Settings Wekepeke Brook

The Wekepeke Watershed lies primarily within the town of Sterling (including all of the
study area), but is also within the tasvof Leominster and Lancast&idure 2). The

watershed drains 11.5 square miles and empties into the Nashua River in Lancaster. The
brookédés total |l ength is approxi mately 5.

encompasses 2.1 river miles. The watedsis hilly, well forested and contains numerous

wetlands. The area has seen an increase in maturing forests with the decline of farming,
slightly offset by some more recent clearing related to an increase in suburban house lots.

Our specific study area dominated by forest, but is crossed by two secondary roads
(North Row and Heywood Roads), adjacent house lots and agricultural land. Five

reservoirs feed the upper portion of the watershed through a network of small streams and

connected wetlands. Theeare the Heywood Reservoir, Fitch Basin, Upper and Lower
Lynde Basins and Spring Basin. Primarily in this report, our comments will refer to the
Heywood, both Upper and Lower Lynde and Spring Basins since these four directly
empty into our study are&iQure 2).
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The Wekepeke Watershed (green outline) and study area (blue outline) are shown
here with town boundaries The inset map shows the location of the watershed (red)
within the Nashua River drainage (light blue) and the State of Massachusetts.

History of the Watershed

This section has been condensed from the paper: Wekepeke Land Us0083

Thomas J. Christopher, of Christopher Environmental Associamsedix 1). The

paper describes changes in land uses and activities along the Wekepeke Brook in Sterling,
Massachusetts from the period beginning in 1830 until the present day.

In 1830, the Wekepeke Brook provided an important source of waterpower to residents of

the area athformed three separate mill ponds south of Lower North Row Road and west

of the Worcester Road. To the west, the land was used primarily for agricultural

pur poses. Tax records from the mid and | ate
swine, chickensetc. as taxable items. The mills along the Wekepeke were relatively

small, cottagdype industries usually attached to lands also suitable for a broad range of
agricultural activities. Forests were cut down to provide timber for the mills and the land

was then more suitable for the production of food crops and dairy products as urban areas

began to develop and grow.

In 1880, approximately 200 acres were purchased in Sterling for use as a public water
supply for Clinton. The last dam at the Heywood Bagas constructed around 1926 and

is the largest reservoir in the system. By 1890, more intensive agricultural use was
developed. The dairy and orchard production along Lower North Row Road grew
substantially. On Upper North Row Road, families were laésding dairy cattle for the
production of milk, cheese, and butter; however these parcels were eventually purchased

12



by the Town of Clinton to become part of the water supply system.

In 1910, the Heywood orchard property planted over 1,000 trees, rBaddiyins and

Mclintosh. By 1912pesticide applications intensified as San Jose scale (SJs) and other

insect populations began to thrive in the orchard monocultures, moving from parcel to

adjacent parcels. In 1912, Sholan Farms became the second lachast or
Massachusetts; a substanti al portion of the
Heywood Basin. It was purchased in 2001 by the City of Leominster and continues to

operate as an orchard and farm today.

In 1950, Myrton Baithrow opened a grapé on the south side of Upper North Row

Road almost adjacent to the Wekepeke, and continued to extract material until the early
197060s. Residenti al home construction began
Today substantial residential developrmexists on both sides of Lower North Row Road

as construction of large three and four bedroom homes has become common. There are

still several open rolling fields that are part of the old early parcels, but they are under

continual transient ownershimaare ideal for rapid residential development.

In summary, impacts to the Wekepeke Brook over time would probably begin with the
early mills when glues and other adhesive materials used to fasten chairs may have been
made with toxic compounds. Adverséeets from agriculture are welinown and range

from the runoff of animal manures, siltation from exposed soil and toxic chemicals used
for controlling insects in intensive agriculture. Formulations applied on these orchard
parcels included chlorinated dpcarbons, carbamates, organophosphates, and strong
fungicides.

Not to be discounted or ignored are the threats of expanded residential development.
Development has led to an increase in pesticides from lawn fertilizer (nitrogen and
phosphorous loadingncreased runoff of hydrocarbons, thermal loading and flash runoff
from paved areas and the potential for pollution from failed septic systems. While only
light development of Upper North Row Road exists so far, it is seen as a prime area for
increasedesidential land use.

The construction of Wachusett Reservoir between 1897 and 1908, made the use of water
from the Wekepeke obsolete for the Town of Clinton, lowering the ecological pressure on
the brook. Since the town holds to the facility as a potesuplemental supply, full
residential development of the watershed has been prevented. The gated nature of this
area allowed for the stream to recover and maintain valuable forested conservation area.
Additionally, the presence of several fire accessls has made this area popular for
walking, fishing and alterrain recreational devices.

Still, the remnant withdrawal infrastructure (pump houses, canals and pipes) and adjacent
housing was evidence for humarduced impacts on the streamuring our vatershed

surveys, we also noted significant ATV use o
these trail systems have little impact on the brook, several of the stream crossings showed

signs of heavy erosion. These observations call for more astimagement of the area.
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Nestl|l ® Watersodé Wi thdr awal Pl an

Northeast Geoscience, Inc studied the operational feasibility of developing sources of
spring water at the Clinton Water Works and developed a working conceptual proposal to
serve as a basis for dissing local agreements. This work was concentrated around the
reservoir known as Spring Basin at three borehole locations. The Clinton Water Works
historically provided the Town of Clinton with over 1.2 million gallons of water per day

or 833 gallons peminute (1.856 cubic feet per secquts)). Based on pumping tests,

the estimated yield of three boreholes installed at the site range from approximately 160
170 gallons per minute (or 0.38.38cfs) for a total production volume of 230,000 to
244,0® gallons per day.

Development would require the construction of three pumping stations. Spring water
pumped from the site would be distributed to the loading station via an underground off
site water main, which could potentially be installed withinipad of the existing water
main. The truck loading station would be constructed at a commercial/industrial zoned
location along the Route 12 corridor. Tanker trucks of approximately 8,000 gallons
capacity, traveling to and from a bottling plant locate&iamingham, would be directed

to the loading facility from Interstate 190, via Route 12. The trucks are filled in
approximately 20 to 30 minutes, during which the engines are turned off.

Nestlé Waters North America currently has no agreements witbwhns tocated within
the Wekepeke Watershed for spring water withdrawal.

Reconnaissance Survey and Section Delineation

A reconnaissance survey of the Wekepeke Brook study area was conducted off'June 19
2008. The purpose of this visit was to documenttireent brook conditions with
photography, become familiar with brook access locations and to view locations
previously studied by Nestle Waters and Northeast Geoscience. Temperature and
pressure recording devices were installed in areas of interes duisrsurvey. We

hiked large portions of the study area in order to take notes on perceived changes in
geomorphic character and hydromorphologic unit (HMUs) assemblageAgSerdix

2). These notes were used in the initial phase of study sectionadielimeStudy

sections are defined by splitting the project area into areas of similar river character and
habitat attributes.

To allow for more detailed analysis, it was decided to select representative sites within
the study sectiong-{gure 3). Represetative sites are areas within the study section that
are determined to be proportionally representative of the larger section. In order to better
define the representative sites, it was decided to map the entirety of the study area during
the first habiat mapping survey. More detailed data (habitat, flow, fish, invertebrates

etc.) was then collected within the representative sites.
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Figure 3: Section delineation of the Wekepeke Brook study area.

Sections are outlined in yellovand representative sites are shown in redThree
large Beaver Ponds are also highlighted in orange for use in describing site
locations.

Study Sections

This part of the report provides a brief des
study sectins. Distances and noteworthy location descriptions are included as well as

information on the prevalence of cover and river attributes. One can find information on

survey techniques and definitions of cover attributelppendix 2, while definitions of

terms may be found in the Glossary of this document.

Section 1A

Section 1A begins at the outlet of Heywood Reservoir where water enters the Wekepeke
Brook through a beaver deceiver culvert and by flowing over the narrowkigorg 3).

The section is 55&heters long and can be described in three distinct portions. The upper
third, just downstream of the dam, is a high gradient area that flows over fractured
bedrock through a constructed vertically walled canal and amaale bermed river

channel. Thismea is denseljorested with a mix of deciduous and conifer trees. The
middle third has a moderate gradient with abundant Riffle and Ruffle habitats. This
section is especially noteworthy because of two long and narrow Side Arms, which flow
during all bu low summeitime conditions. It is also in this area that the original river
channel merges with the constructed outlet channel. The downstream third is a low
gradient stretch that appears to have been straightened at some time in the past. The area
is heavilyforested with deciduous trees and there are wetlands and floodplain forests
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bordering the river. The right bank along this portion of brook runs close to some
pastureland and the section ends near the first residence downstream of Heywood Basin.
The section ends at the culvert where the brook passes under Upper North Row Road.
Choritopesn this section range from Akal to Macrolithal with Mesolithal substrates
occurring most frequently. Boulders, Overhanging Vegetation and Undercut Banks are
present in half of the units. Woody Debris and Shallow Margins are present in nearly all
of the units. Abundant Canopy Cover is present in nearly all of the surveyed HMUSs.

Section 1B

Section 1B begins on the downstream side of the culvert under UpperR¢evtRoad

and continues for 426 m downstream. The section is mimstdgted, although several
residences border the river corridor, they are set back enough from the brook to limit their
immediate impactAt the lower end of the section, the brook paskeough a culvert

under Heywood Road. Downstream of the road, the section continues for an additional
90 m. This portion of the Wekepeke Brook is heavily influenced by remnant human
infrastructur e. Downstr eam cdandthesdrooskessad, t he
canalizedor about 35 m leading to a small abandoned bridge with a box culvert. The
culvert has been partially blocked by stones and Woody Debris causing a small dam and
falls. Downstream of this second culvert the brook quicklydeagadient and begins to

pool before entering a large wetland complex labeled Beaver Pond EigBes 3).
Choritopegange from Pelal to Macrolithal with Mesolithal occurring most frequently
Boulders, Overhanging Vegetation and Undercut Banks ooaoughly half of the

HMUs. Woody Debris and Shallow Margins are present in almost all HMUs and Canopy
Cover is abundant throughout the site.

Section 2

Section 2 is located off the Wekepeke mainstem on one of the two main tributaries in our
study area, # Lynde Brook. The section begins at the dam spillway, where water from
Lynde Basin is entering Lynde Brook by a combination of flow over the dam, seepage
and through a narrow 20 siphon pipe. The se
ends at theanfluence with Wekepeke Brook (SEgure 3). The first 92 meters of the
section areanalizedand confined within the vertical stone masonry walls built as the
spillway for the dam. At the downstream end of t@salizationthe brook opens into

two large Pools that are dammed by the remnant infrastructure of a pumping station and
furtherenhancedby some old beaver activity. This area occupies about 70 m of the
section, after which the brook begins to take a more natural and less impacted form for
theremainder of its length. River bank types and shoreline properties change throughout
these three portions of the section. Coniferous forests dominate the upsiresined

portion and the presence of several seeps and springs were noted. At Boofibslow

the masonry canal, a small tributary (possibly the former original channel) enters the
brook here crossing over the dirt access road. The banks in this area are slightly higher
and the Canopy Cover is not as dense. A mix of canopy and batketyists over the
remainder of this sectiorChoritopedn this site range from Pelal to Mesolithal with a
majority of HMUs containing Microlithal substrate. Canopy Cover and Shallow Margins
are present in less than half of the HMUs, but Woody Debpeesent in nearly all of

them. Submerged Vegetation is abundant in 2/3 of the HMUs and Woody Debris and
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Shallow Margins are abundant in about half of the HMUSs.

Section 3

Section 3 is the smallest of our sections in the study area. The section b#ggns at
confluence of the Wekepeke Brook with Lynde Brook. The Section continues for only 94
meters downstream. Since the section was very short, we decided to use the whole area
as our representative site; therefore the discussion of the section andl bite wi

combined (Se€igure 3). It is also worth noting that there is a short section of the
WekepekeBrook between Beaver Pond 1 and the confluence with Lynde Brook, which
we decided not to include as part of the secti®ection 3 represents a portidirioer

formerly impounded by beavers, which is now in a transitional process. The effects of a
long-term beaver dam are still noticeable within the section. There is an abundance of
Woody Debris within the stream in places, making it difficult to sarttpestreambed in
some locationsAlso, a large percentage of fine sediments compared to areas up and
down stream existThe section is almost entirely without Canopy Cover, since most trees
within 20m of the river were either felled by beaver or died uthe longerm

inundation. However, a wide meadow of tall grasses and some shrubs and saplings are
currently presentThe HMUs of this section are mostly slow moving Runs with the
exception of the downstream end where a Riffle and Glide are preseattieansition

back to forest where the breached dam once stGbdritopedn this site range between
Pelal and Mesolithal and include units with Xylal (woody substrate) with Pelal units
being the most common. Overhanging Vegetation is present ithéshalf of the units

and Shallow Debris is present in 2/3 of the units. Most of the HMUs have an abundance
of Submerged Vegetation.

Section 4

Section 4 begins at the downstream end of the former beaver meadow mentioned above,
where the Wekepeke Brookters a forested area. An ATV crossing in this location
roughly marks this boundary and allows for easy access to the top of the section. This
section is approximately 278 m long and ends at the confluence with Spring Brook. The
section is denseloreged and slightly incised with frequent Undercut Banks during

higher flows. The section contains HMUs of Glides, Riffles and Runs with some Pools
occurring during low flow conditions. There is a high percentage of Canopy Cover and
an increase in UndercBianks. The substrate is no longer as fine as was observed in
Section 3 and Mesolithal conditions dominate. The section ends at the confluence with
Spring Brook for two reasons. It is the only significant tributary between Lynde Brook
and the Beaver Porfticomplex (Se€&igure 3), meaning that there is an increase in
watershed area contribution at this location. Additionally, it was hypothesized that Spring
Brook would be a major coldater contributor to the Wekepeke and splitting the section
here wouldallow for modeling of flow and temperature modifications related to potential
pumping operations. As stated above, substrates in this site were almost dominantly
Mesolithal with some instances of Mierand Macrolithal. Nearly 2/3 of the units in this

site have the presence of Undercut Banks and Woody Debris. Almost all of the HMUs
have the presence of Shallow Margins and all of the units have abundant Canopy Cover.
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Section 5

Section 5 begins at the confluence with Spring Brook and continues 325 m id@ammst

until the Wekepeke pools an area labeled Beaver Pond Fi@ee 3). The section is,

in many ways, similar to Section 4. The stretch is vegksted and there are areas of
established Undercut Bank at higher flows. The river banks alternatedmehigh

sloped banks, slightly incised channels and broad floodplain forests. The section has a
slightly higher gradient at times compared to Section 4, which is reflected by an increase
in Riffle and Ruffle areas.wslatGkbnewherecti on end
entering a wetland complex (Beaver Pond 2). A small tributary also feeds this complex
adding slightly to the flow downstreanthoritopedn this site range between Akal and
Macrolithal, but the majority of units are Micror Mesolithal. Boulders are present in
roughly half of the units. Undercut Banks and Woody Debris are present in 2/3 or more
of the units. Canopy Cover is abundant at all of the HMUs and Woody Debris is
abundant in half of the units.

Section 6

Section 6 is another shigection representing river habitat in a zone recently modified by
beaver activity. The section begins approximately 100m downstream of Section 5 where
the Wekepeke emerges from Beaver Pond 2 E8pee 3). The section continues for

195 mdownstreamT he sectionédés character is dominat et
activity that once occurred here. This section was likely an active beaver pond a little
more recently than Section 3. Woody Debris is even more present within the channel and
the numerous fken trees have resulted in large piles of WoBeoris inseveral places.

Similar to Section 3, substrates tend to be composed of smaller grain sizes and the wide
grassy meadows on either side of the brook allow for abundant surd@igbtitopesn

this site range from Sapropel to Mesolithal with the majority of sites having a Microlithal
dominate substrate. A third of the HMUs in the site have the presence of Boulders,
Submerged Vegetation, or Canopy Cover. Woody Debris and Shallow Margins are
presenin over half of the units. Two of the units are filled with abundant Woody Debris.
Near the downstream end of the Section, the brook flows to thehaglat edge of its

floodplain against the toe of the riverbank. Here the brook is forced to turntaéng

bank and reenters the forest marking the end of the section.

Section 7

Section 7 begins where the Wekepeke enters a forested area immediately downstream of
Section 6. The section continues for 486 meters downstream, ending where the brook
once agairbegins to pool at Beaver Pond 3 ($égure 3). The section is densely

Forested and slightly sinuous over its length. There are many long Riffles in this area
frequently broken up by smaller Run and Glide units. Undercut Banks are frequent under
higherflow conditions. This section is remote and there are no residential influences in
the immediate riparian corridor, however there are some ATV crossings and a small
rock/log dam. The small dam is about 60 m upstream of the end of the section and
impounds a small, but relatively deep Po&@horitopesange from Micre to

Macrolithal, with the majority of HMUs containing Mesolithal substrates. Boulders,
Woody Debris and Shallow Margins are present in most of the HMUs. Undercut Banks
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are present in abobtlf of the units. Canopy Cover is abundant throughout the length of
the section.

Section 8

Section 8 begins approximately 305 meters downstream, starting at the beaver dam that
impounds Beaver Pond BiQure 3). This pond was unexpected before our

recanaissance trip since it was not visible on our orthophotos; however the presence of
some wetlands and the shape outlined by coniferous trees alludes to the fact that this area
may have been also flooded in the past. This section is 320 meters longisuad e
confluence of a small tributary along the right bank. The area is mostly forested,

although there are two large fields on either side of the brook only a short distance
through the trees. The section is generally comprised of alternatingsRifiteGlides or

Runs. Choritopesange from Psammal to Macrolithal, with a majority of units having

Mesc or Macrolithal substrates. Boulders and Shallow Margins are present in nearly all
HMUs and Woody Debris is found in half of the units. Abundantopg@rCover is noted

in all but the uppemost HMUOGsSs, which are closest to the

Chapter 1.2: Temperature and Hydrology
Temperature

Temperature Introduction

The composition of aquatic fauna in rivers may be highly dependent on the water
temperature. Water temperature regulates a number of physiological and chemical
processes that shape the structure of native communities, (BYétt Elliot 1981;
Wehrly et al, 2003). Water withdrawals may modify thermal conditions by: reducing
instream flows, intercepting groundwater intrusions, or by impoundmelated thermal
anomalies (Ballestero et 22006; Lessard & Haye2003; Maxter et al2005;
Parasiewicz et gl2007; Walden & Parasiewic2005).

Impoundments can cause an increase &r tiemperatures because the pooled water is
heated by solar energy. The resulting warmer river temperatures can lead to a disruption
in local fauna available habitat by decreasing dissolved oxygen and creating strain on the
species fitness. The more t@at generalist species (frequently Amative) that thrive in

the warmer water may cgbmpete the native coldwater fauna.

On the other hand, large reservoirs can have the opposite effect by lowering water
temperatures through celdater bottom releases avell as eliminating diurnal

fluctuations. Large impoundments are usually thermally stratified with the coldest layer,
or hypolimnion, on the bottom during the summer. This phenomenon has been
documented to be responsible for severe damages to the figttifauna in places such

as the Colorado River downstream of the Glen Canyon Dam (Clarkson & 005.
Currently, all of the dams within the Wekepeke study area are @mithllthe possible
exception of Heywood danand have surface release, megnvarmed surface water is
entering the river by spilling over the dam.

The Northeast is home to coldwater species such as Atlantic salmon, brook trout and
slimy sculpin which are not able to tolerate sustained temperatures in excess of 25°C
(Wehrly et al, 2007). Each species may have water temperature requirements for
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different life stages. Since temperature triggers some life history events such as
spawning or hatch time, a change in temperature could modify and impact fauna
composition (e.g. delayedhtch of fish larvae could shorten the growth season and
increase winter mortalities of juvenile fish). For coldwater species, the increase of
summer temperatures above lethal thresholds is a key regulator of population fitness;
therefore, we focused ouff@rts on investigating summer thermal patterns to determine
if the survival conditions for coldwater fish are still maintained in the upper Wekepeke
Brook.

Temperature Data Collection Methods

Loggers in the Wekepeke Brook watershed study area wereedssédategically to

provide insight as to the effect of water withdrawals on native fauna. The loggers were
distributed along the Wekepeke Brook and two important tributaries, Lynde and Spring
Brook.

Five Onset HOBO® water level loggers and nine temperaiendant loggers were
installed by Rushing Rivers Institute (RRI) in the Wekepeke watershed for the period
between June 20, 2008 and November 18, 2008. Temperature was recordeuinatd 5
intervals throughout the duration of the study period. Eigtitefourteen loggers were
installed in the mainstem of the Wekepeke, four in the Spring Basin area, and two in the
Lynde Basin Figure 4). One of the loggers located at the upstream end of Spring Basin
was incorporated into a beaver dam and was noveeed The period common to all
loggers, covering 152 days, was analyzed for patterns and trendSp{Ssedix 8 for

more detail).

Figure 4. Map of the temperature-recording loggers placed in the Wekepeke study
area during the 2008 study season.
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