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Water Resources and the Urban Environment, Lower
Charles River Watershed, Massachusetts, 1630—-2005

By Peter K. Weiskel, Lora K. Barlow, and Tomas W. Smieszek

Introduction

The Charles River, one of the Nation’s most

historically significant rivers, flows through the center of

the Boston metropolitan region in eastern Massachusetts
(fig. 1). The lower Charles River, downstream of the
original head of tide in Watertown, was originally a
productive estuary and important source of fish and
shellfish for the Native Americans of the region. This
portion of the river has an exceptionally long and
colorful human history. In 1615, the explorer Captain
John Smith gave the river its modern name, in honor
of young Prince Charles of England. In 1617-18, the
Native American community of the watershed was
decimated by an epidemic, after having continuously
occupied the area for the previous 4,000 years. In
1630, the first large group of English settlers, led by
John Winthrop, set foot on the Shawmut Peninsula
at the mouth of the river (fig. 2), and established the
town of Boston. In the 1630s, the first printing press,
public park, public school, and college in the English
colonies were all established on the banks of the
Charles River. Almost immediately, the settlers of
Boston and adjacent towns also began to modify the
landscape and water resources of the watershed.
Perhaps the most important type of landscape
alteration in the watershed was the filling of the
extensive salt marshes and tidal flats of the estuary
downstream of Watertown (fig. 2). This landmaking
activity along the lower Charles River began in the mid-
1600s, and did not conclude until the 1950s (Seasholes,
2003). In the early 20th century, the estuary mouth was
dammed, creating a freshwater basin in the lower 9.5
miles of the river. A system of parks and parkways was
built along the banks of the impounded river (Haglund,
2003). In addition to the mainstem river, virtually all
of the remaining water resources in the watershed
have also been altered. Most of the river’s tributaries,

for example, were culverted, or placed into tunnels,
and many of the ponds and freshwater wetlands in the
watershed were filled to facilitate urban development.
One additional legacy of the river’s long human
history is pollution from industry and sewage. By
1875, a total of 43 mills were operating along the
lower Charles River between Watertown Dam and
Boston Harbor (Charles River Watershed Association,
2004a). Thousands of gallons of untreated sewage and
industrial wastewater entered the river daily through
gravity drains, posing a major threat to public health
(City of Boston, 1878). Concerted efforts to address
the sewage problem began in the late 1870s. By the
1960s, the water quality of the river was significantly
improved, yet still not suitable for swimming, fishing,
or even boating under most conditions. In 1965, the
Charles River Watershed Association was organized
and the call to restore the environmental quality of the
river and its parklands was heard anew. Passage of the

Photograph courtesy of Daniel Bersak, MIT

Sailboats on the Charles River, with Beacon Hill
and the Boston skyline in the background, 2003.
The golden dome marks the location of the
Massachusetts State House.
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Federal Clean Water Act in 1972 and the subsequent
court-ordered reconstruction of the region’s sewage-
treatment infrastructure in the 1980s and 1990s (the
“Boston Harbor Cleanup”) provided additional impetus
to address the river’s remaining pollution problems.

In 1995, the U.S. Environmental Protection
Agency launched the Clean Charles 2005 Initiative,
which brought together government agencies, private-
sector institutions, and environmental organizations to
focus on restoring the river to fishable and swimmable
conditions by Earth Day 2005. This initiative has
achieved substantial improvements in water quality;
sewage discharges to the river, for example, have been
largely eliminated. Nevertheless, it is now widely
acknowledged that full attainment of water-quality
standards will likely depend upon improved public
understanding of the watershed, continued efforts to
eliminate illicit sewage discharges to the river, and
better management of the urban runoff that enters the
river both directly and from its many tributary streams.

Purpose and Scope

This report is intended to enhance public
understanding of the physical and hydrologic setting of
the lower Charles River and its many tributaries, ponds,
and wetlands. Although the built environment of the
watershed has been studied in detail, as have the geology

and other aspects of its natural environment, the water
resources of the lower Charles River watershed have not
been previously described in their broad physical and
human context. One reason for this lack of study has
been previously mentioned—most of the watershed’s
streams, though named and mapped by the first settlers
(figs. 2, 3, and 4), were placed into culverts (fig. 5)

and subsequently forgotten during the period of rapid
urbanization in the 19th and early 20th centuries.

Although largely hidden from view, these streams
continue to convey surface runoff and ground-
water discharge to the Charles River, and to provide
important ecological and recreational benefits.
Improved public understanding of the Charles River
watershed and its tributaries can be considered a vital
component of the larger river restoration effort.

The first section of this report (Landscape History)
describes the bedrock geology of the lower Charles
River watershed, the surficial deposits that cover the
bedrock, and significant human alterations of the
landscape. The second section (Water Resources)
describes the tributaries, ponds, reservoirs, wetlands,
and ground-water resources of the watershed. The
final section (Water and the Urban Environment)
describes how people have affected the hydrologic
functioning of the water resources indirectly through
land-cover change, and directly through water
withdrawals and wastewater discharge. The narrative

Courtesy of the Boston Water and Sewer Commission

Moon Island sewage reservoirs showing houses for flushing gates, about 1900.




concludes with a review of current (2005) efforts to
restore the water quality and hydrologic functioning
of the lower Charles River and its tributaries.

Previous Investigations

In recent decades, aspects of both the natural and
built (human-modified) environments of the lower
Charles River watershed have been extensively studied.
Kaye (1976) and Skehan (1979, 2001) summarize
the area’s geologic history, and Cotton and Delaney
(1975) describe the ground-water hydrology of the
Shawmut (or Boston) Peninsula. Studies of the built
environment include compilations of historic maps
(Krieger and others (1999), research on the history
of land filling in the city of Boston (Whitehill, 1968;
Seasholes, 2003), and accounts of parkland development
in Boston proper, along the lower Charles River, and
in the metropolitan region (Zaitzevsky, 1982; Eliot
and Morgan, 2000; Haglund, 2003). In 1999, the
Charles River Conservancy was organized to educate
the public about the built environment of the lower
Charles River, and to advocate for the restoration of
its parks, parkways, and bridges (Haglund, 2003;
Charles River Conservancy, 2004). The history of
metropolitan Boston’s water-supply system—another
critical aspect of the built environment—has been well
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documented (Nesson, 1983; French, 1986; Elkind, 1998;
Rawson, 2004), and the development of its wastewater
infrastructure has also been described (Clarke, 1888;
Massachusetts Water Resources Authority, 2004a).
The water quality of the lower Charles River and
its tributaries has been a matter of public concern
and debate for at least the last 135 years. An 1891
proposal to dam the estuary and create a freshwater
basin spawned a series of scientific and engineering
studies, summarizing all aspects of the river system
and the likely effects of the proposed dam on the river
and Boston Harbor (Freeman, 1903). Since the 1960s,
the revival of public interest in the environmental
quality of the Charles and Muddy Rivers has prompted
numerous additional studies and monitoring efforts
by citizens’ groups, water and sewer authorities, and
regulatory agencies. For summaries of the most recent
efforts, consult Charles River Watershed Association
(1999; 2004b), Massachusetts Water Resources
Authority (1994; 2004b), and the U.S. Environmental
Protection Agency (2004). The U.S. Geological Survey
also recently completed a series of studies addressing
sediment quality, stormwater flow, and contaminant
loads in the river and its watershed (Breault and others,
1998; Breault, Barlow and others, 2000; Breault, Reisig,
and others, 2000; Breault and others, 2002; Zarriello
and Barlow, 2002; Zarriello and others, 2003).

Courtesy of the Boston Water and Sewer Commission

Hydraulic dredging of the Back Bay Fens, Boston, about 1895.
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Figure 2. A plan of the town of Boston and its environs, with the lines, batteries, and encampments of the British and
American armies, by Sir Thomas Page (1776). Annotation has been added to the original map. Map courtesy of the
Library of Congress.
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Figure 3. The Lower Charles River watershed in 1852
(modified from Sidney, 1852). Annotation shows the
names of tributary streams and the Cochituate Aqueduct,
completed in 1848. The towns of Brighton, Roxbury, West
Roxbury, and Dorchester were all incorporated into the
city of Boston by the late 19th century; Brookline remains
an independent town. Map courtesy of the David Rumsey
Map Collection.




Figure 4. Lower Charles River watershed,
Massachusetts, 1885-86 (U.S. Geological
Survey, 1890).
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Landscape History

The longest river flowing entirely within
Massachusetts, the Charles River winds 83 miles from
its source to its mouth at Boston Harbor (fig. 1, inset
map). The lower Charles River (the portion of the river
downstream of Watertown Dam) flows the last 9.5 miles
of this distance through a broad lowland (fig. 6). This
section of the report introduces the bedrock and surficial
geology of the lower Charles River watershed, and
discusses some of the ways that humans have altered the
landscape in recent centuries.

Bedrock Geology

Bedrock of the lower Charles River watershed
consists of a sequence of sedimentary and volcanic
rocks that were deposited about 580 million years
ago in a broad sedimentary basin much larger than
the present topographic lowland underlying the river.
Some of the rock layers in this sequence consist of
relatively soft siltstones and slates (known collectively
as the Cambridge slate), which are easily eroded. Other
rock formations in the sequence are more resistant to
erosion. The most well-known of these formations
is the Roxbury conglomerate (known locally as
“puddingstone”), which consists of pebbles and cobbles
in a sand matrix (fig. 7). Numerous public buildings
in the watershed are constructed of puddingstone,
including the Old South Church in Boston and Gasson
Hall on the Boston College campus in Newton.

Subsequent folding and fracturing of the region’s
rock formations, and erosion of these rocks by water
and ice over millions of years resulted in the present
topography of the lower watershed. Uplands in Newton,
Brookline, and the southern portion of Boston are
underlain by the hard conglomerate and volcanic rocks;
lowlands in Cambridge and the northern portion of
Boston are underlain by the more easily eroded slates.

Stream courses in the lower Charles River watershed
are also determined, in part, by zones of weakness in
the bedrock associated with major structural features
(Skehan, 1979; 2001). For example, the mainstem of the
Charles River overlies an east-west trending bedrock
trough (or syncline) in the underlying Cambridge
slate. Stony Brook and Muddy River, the two largest
tributaries to the lower Charles River, follow the eastern
and western limbs, respectively, of a large north-south
trending fracture (or fault) that cuts across the Roxbury
conglomerate (Skehan, 1979; 2001; Goldsmith, 1991).

Landscape History 1"

Surficial Geology

During the last million years, a series of glacial
episodes left an unmistakable signature on the New
England landscape. The most recent ice sheet retreated
from the Boston area about 15,000 years ago (Rosen
and others, 1993). It left two principal types of deposits
in the lower Charles River watershed: (1) glacial till (a
typically hard and compact mixture of clay, silt, sand,
pebbles, cobbles and boulders deposited directly by
glacial ice); and (2) stratified or layered deposits, which
may include both predominantly coarse-grained sand
and gravel (or outwash) deposited by meltwater streams,
and fine-grained silt and clay deposited in the standing
water of a lake or a marine water body. Upland areas of
the watershed are generally overlain by till; and lowland
areas, where not covered by artificial fill, typically have
stratified deposits at the surface (fig. 8).

Perhaps the most striking landscape features in the
Boston region are its many smooth, elongated hills, ori-
ented mainly in a northwest-southeast direction
(fig. 6). Known as drumlins, these hills consist mostly
of glacial till, although some have a bedrock core. Their
smooth shape and consistent orientation were imparted
by flowing ice, likely near the end of the last glacial
episode. About 200 drumlins have been identified in the
lower Charles River watershed and surrounding areas,
including most of the Boston Harbor Islands (Skehan,
2001; National Park Service, 2004a). Drumlins in the
watershed include Chestnut Hill in Newton, Walnut Hill
in Brookline, and Parker and Bussey Hills in Boston
(fig. 6). Beacon Hill, the most well-known hill in Boston
and the site, since 1797, of the Massachusetts State
House, was originally a drumlin. It was reshaped,
however, by a glacial readvance into an ice-marginal
ridge (Kaye, 1976). Drumlins form the divides sepa-
rating many of the tributary watersheds of the lower
Charles River.

Outwash is common in many lowland areas of the
watershed. Outwash plains typically contain depressions,
known as kettles, caused by the melting of stagnant
blocks of glacial ice after the retreat of an ice sheet.

If the water table in the surrounding outwash plain

is higher in altitude than the base of the kettle, it will
generally become a ground-water-fed kettle pond. A
good example is Jamaica Pond, the source of the Muddy
River (fig. 8).

In the lowest lying areas of the watershed, near
the mainstem Charles and Muddy Rivers, an extensive,
fine-grained deposit known as the Boston blue clay was
laid down under shallow-marine conditions as the ice
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sheet retreated from the region. The properties of this
clay unit have been extensively studied in connection
with various large construction projects in Boston (Ladd
and others, 1999). The Boston blue clay is completely
overlain by recent estuarine deposits (sand, silt, clay, and
salt marsh peat) deposited over the past 10,000 years
(Rosen and others, 1993). The sedimentary environment
that produced these estuarine deposits was the same
environment encountered by Native Americans when
they first reached the area 4,000 to 6,000 years ago,

and by the first European settlers nearly 400 years ago.
The estuarine deposits, in turn, have been completely
covered by artificial fill over the past several hundred
years, as will be discussed further below. A large portion
of the artificial fill and disturbed urban land area shown
in figure 8 is underlain by a sequence of blue clay and
estuarine deposits.

Human Alteration of the Landscape

Human activity has profoundly altered the landscape
of the lower Charles River watershed. Although Native
Americans are known to have constructed a fish weir
in the Back Bay about 4,000 years ago (Decema and
Dincauze, 1998), major landscape changes began after
the establishment of the Massachusetts Bay Colony in
1630. These changes included the filling of former tidal
flats and marshes with material excavated from drum-
lins and other upland glacial deposits, and the conver-
sion of forest, wetlands, and open areas into farmland,
and eventually into urban and suburban areas. The first
type of landscape alteration—the filling of former tidal
lands—was especially extensive in the lower Charles
River watershed and completely transformed the origi-
nal landscape of the lower watershed by the late 19th
century (figs. 2, 3, and 4). The largest example of this
landmaking activity (Seasholes, 2003) was the filling
of Back Bay. The second type of landscape alteration—
conversion of the watershed to urban land uses—will be
considered in the context of watershed hydrology in the
last section of the report.

Filling of Back Bay

The Back Bay was once a 738-acre system of tidal
flats, marshes, and creeks that extended west from the
base of Beacon Hill to the conjoined mouths of Stony
Brook and Muddy River (figs. 2 and 3). The filling

of Back Bay was not the first landmaking project on
the Shawmut Peninsula, but it was the largest. It was
accomplished through a series of projects, beginning
at the base of Beacon Hill during the 1790s and ending
near the western limit of the Bay in the late 19th century.
Justifications given by project proponents were
similar to arguments presented by proponents of earlier
landfilling projects on the Shawmut Penisula: to create
new real estate, and to remedy the growing problem of
sewage pollution in poorly mixed tidal waters and mud
flats (Seasholes, 2003). Toward the end of the 19th cen-
tury, after most of eastern Back Bay had been filled, the
remediation of sewage generated by a greatly increased
population became the dominant justification for land-
making. The Back Bay Fens project, for example, was
designed and constructed in the 1870s and 1880s largely
to remediate the severe sewage pollution in western Back
Bay. This project will be described in the final section of
the report.

Other Landmaking Projects

Landmaking along the lower Charles River extended
considerably beyond Back Bay. It was preceded by
numerous smaller projects on the Shawmut Peninsula,
including the filling of Mill Pond (originally known as
Mill Cove), West Cove, and South Cove (figs. 2 and 9).
It was followed by extensive filling projects on the north
side of the Charles River in Cambridge (Haglund, 2003),
including nearly the entire area now occupied by the
Massachusetts Institute of Technology (fig. 9). On the
south side of the river, upstream of Back Bay, about 200
acres of salt marsh in the Allston section of Brighton
north of Smelt Brook (figs. 3 and 4) were filled in the
early 20th century, to make land for railroad yards, the
Harvard Business School, and Harvard’s athletic fields.
Additional salt marshes in Cambridge and Watertown
also were filled during this period (Haglund, 2003).

The filling of tidal lands along the original Charles
River estuary created new real estate for private and
public use, and ameliorated real and perceived threats
to public health. This landscape transformation also
affected the hydrologic functioning of the lower water-
shed in ways that were not fully anticipated at the time.
The next section describes the freshwater resources of
the watershed. The final section addresses the hydro-
logic effects of these and other landscape changes.
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Water Resources

The ground-water and surface-water resources
of the lower Charles River watershed are many and
diverse. Although urbanization has affected all of
these resources, in some cases quite profoundly, public
appreciation for the benefits that these resources
provide has grown substantially in recent years.

Surface-Water Resources

The surface-water resources of the watershed com-
prise the mainstem Charles River, its tributary streams,
and numerous ponds, reservoirs, and wetlands in the
tributary watersheds (fig. 5). In the following sections,
the basic characteristics of these resources are described.

Streams

In addition to the Charles River, 17 named streams
occupy the lower Charles River watershed (table 1).
However, Muddy River and the upstream reaches of
Stony Brook are the only two streams in the lower
watershed identified on maps that are widely avail-
able today, such as the U.S. Geological Survey Boston
South topographic quadrangle map (U.S. Geological
Survey, 1987), or the Massachusetts Geographic
Information System’s electronic hydrography cover-
ages (Massachusetts Geographic Information System,
2004). Information about the remaining streams and
their watersheds may be found on historic maps or the
storm-drain atlases of the lower Charles River munici-
palities. These drain atlases typically retain the original
names of major culverted streams. This section of the
report describes the stream and watershed characteris-
tics of the Charles River mainstem, and the four larg-
est tributaries in the lower watershed: Stony Brook,
Muddy River, Laundry Brook, and Faneuil Brook.

Charles River

The Charles River drains a 268-mi?* area upstream
of the Watertown Dam, and has an estimated mean
annual streamflow at the dam of about 400 cubic feet per
second (ft¥/s; Zarriello and Barlow, 2002). The Charles
River watershed upstream of Watertown is relatively flat,
contains extensive areas of riparian wetland, and has
19 artificially impounded sections along the mainstem
river alone. These factors combine to give the upper
watershed an unusually high storage capacity, which
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in turn moderates the effects of large storms on the
flow of the mainstem river. These effects were noted
by J.R. Freeman over a century ago: ““...This investi-
gation proves beyond a doubt that the Charles River
is a very uncommon river, for this part of the coun-
try, in the slowness and moderation of its rise and the
long duration of its run-off” (Freeman, 1903, p. 53).
The lower Charles River was originally an estuary
that extended over 9 miles inland from Boston Harbor
to rapids at Watertown. In 1908, a dam was constructed
near the mouth of the estuary between Boston and
East Cambridge (fig. 1), converting the estuary into a
freshwater basin. The dam was constructed mainly to
remediate water-quality and public health problems in
the estuary, and as part of a larger effort to transform the
shoreline of the lower river into a water park (Freeman,
1903; Haglund, 2003). The Boston Museum of Science
now occupies the site of the original dam (fig. 1).
Downstream of the Watertown Dam, the lower
Charles River watershed is a 40-mi? urbanized area
containing portions of Boston, Cambridge, Brookline,
Watertown, and Newton. Only 36.6 mi? of this area
drains directly to the river; the remaining areas in
Cambridge and the northern Back Bay of Boston
(fig. 1) are drained by combined sewers that convey
both wastewater and stormwater runoff. (At present,
the combined sewers discharge to Charles River only
under extreme storm conditions.) The surficial deposits
of the lower Charles River watershed are dominated by
glacial till (48 percent by area), followed by disturbed
urban land (35 percent), and glacial outwash (16
percent) (Zarriello and Barlow, 2002). Land use varies
greatly across the watershed (fig. 10). The most highly
urbanized areas (dominantly multifamily residential
and commercial) are in Boston and Cambridge, and less
densely developed areas (single-family residential) are
more common in Newton, Brookline, and Watertown.
Urban open space and forest occur throughout the
watershed. Together, these two land-cover types
represent 19 percent of the watershed area, unusually
high for a densely developed urban region.

Stony Brook

Stony Brook is the largest tributary to the lower
Charles River, draining 8,393 acres (13.1 mi?) in the
Roxbury, Jamaica Plain, Roslindale, Hyde Park, and
West Roxbury sections of Boston, and a small section of
Brookline (figs. 1 and 5; table 1). The stream originates
in the Stony Brook Reservation, a State forest in West
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Table 1.

Water Resources and the Urban Environment, Lower Charles River Watershed, Massachusetts, 1630-2005

Named tributaries of the lower Charles River, Massachusetts.

[Direct tributaries: discharge directly to the lower Charles River; Upland tributaries: discharge to direct
tributaries; Reference: indicates the source of each stream name; Outlet identifier: refers to numbered stream

outlet on figure 12]

Direct tributaries and Drainage
upland tributaries . Out!e_t area Reference
(indented) identifier (acres)
Stony Brook 58 8,393 U.S. Geological Survey (1987)
Bussey Brook Boston Water and Sewer Commission (1997)
Canterbury Brook Boston Water and Sewer Commission (1997)
Goldsmith Brook Boston Water and Sewer Commission (1997)
Muddy River 56 4,005 U.S. Geological Survey (1987)
Village Brook Town of Brookline (2004)
Village Bk., S. Branch Town of Brookline (2004)
Tannery Brook Town of Brookline (2004)
Laundry Brook 2 3,038 U.S. Geological Survey (1890)
Hammond Brook City of Newton (1929)
Cold Spring Brook U.S. Geological Survey (1890)
Edmands Brook City of Newton (1929)
Faneuil Brook 21 1,151 Smith and others (1972)
Sawins Pond Brook 25 579 Smith and others (1972)
Smelt Brook' 45 494 Sidney (1852)
Shepard Brook 27 414 Smith and others (1972)
Hyde Brook 12 439 Smith and others (1972)

'Downstream section of Smelt Brook is called Salt Creek by Smith and others (1972).

Roxbury (fig. 10). The brook flows southeast through
an open channel for its first mile, and then flows north-
ward to the Charles River through a 7.5-mi-long, horse-
shoe-shaped brick conduit. As previously discussed,
the stream valley follows a roughly north-south fault

in the underlying Roxbury conglomerate (fig. 7). Since
colonial times, this valley has provided a southwest
transportation corridor into Boston. The first railroad
from Boston to Providence, Rhode Island, was built
along Stony Brook in the 1830s. As the largest fresh-
water stream near the original town of Boston (Boston
did not adopt a city form of government until 1822),
Stony Brook also supported a variety of manufacturing
industries (Freeman, 1903). Three tributaries, Bussey
Brook, Canterbury Brook, and Goldsmith Brook, join the
mainstem from the east and the west (figs. 3 and 5).

The surficial deposits of the watershed are
dominated by glacial till (62 percent by area), followed
by artificial fill and disturbed urban land (23 percent)
(fig. 8). Much of the artificial fill was emplaced during
the culverting of Stony Brook in the late 19th and early
20th centuries (fig. 11). This massive public works
project was undertaken largely to protect the public
from sewage-associated disease (Freeman, 1903). It
also removed the stream from public view, and created
a large area of new land for urban development. The
disturbed urban land in the valleys of Stony Brook and
its tributaries (fig. 8) is one result of this large project.

During the late 19th century, efforts were made to
preserve open space for public use in the Stony Brook
watershed. One hundred years after these lands were
set aside, protected open space and forest still compose
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Courtesy of Boston Water and Sewer Commission

Figure 11. The culverting of Stony Brook at Forest Hills, about 1905.

38 percent of the overall watershed area, more than any
other land-use type in this watershed, which is the largest
tributary watershed of the lower Charles River. Some
of the major parks and protected areas in the watershed
include the Stony Brook Reservation, Franklin Park,
the Arnold Arboretum, the Boston Nature Center and
Wildlife Sanctuary of the Massachusetts Audubon
Society, and two large public cemeteries (Forest Hills
and Mt. Hope Cemeteries; fig. 10). Franklin Park,
created by landscape architect Frederick Law Olmsted,
is the southernmost section of Boston’s “Emerald
Necklace” of parks and parkways (Zaitzevsky, 1982).
The “Necklace” begins at Franklin Park, extends
northward along the Arborway to Jamaica Pond, and
then extends down the Muddy River corridor to the
Charles River.

Streamflow in Stony Brook is highly variable, in
contrast to the mainstem Charles River. Dry-weather
streamflows average about 10 ft*/s, and peak flows
during major rainstorms can reach 1,000 ft*/s. (See
figure 5 for locations of stream-gaging stations) During
large rainstorms, flows in the Stony Brook conduit
typically exceed flows in the mainstem Charles River at
Watertown (Zarriello and Barlow, 2002).

Muddy River

Muddy River drains 4,005 acres (6.3 mi?), almost
exclusively in Brookline (fig. 1, table 1). The river
originates in Jamaica Pond, a kettle pond set in glacial
outwash at the southeastern edge of the watershed



(figs. 5 and 8). Muddy River was originally a low-
gradient tidal creek over most of its length. For a portion
of its course, the stream coincides with the Muddy
River fault (fig. 7). The constructed parklands of the
Emerald Necklace now border the river along its entire
3.5-mi length. The two tributaries of Muddy River,
Village Brook and Tannery Brook, are now completely
culverted (fig. 5). Village Brook, which joins the river
at a wide reach known as Leverett Pond, originates

5 mi to the west of Muddy River, near the campus of
Boston College in Newton, and drains about two thirds
of Muddy River’s total watershed. Tannery Brook, a
much smaller stream than Village Brook, enters the
river several hundred feet north of Village Brook.

The distribution of surficial deposits in the Muddy
River watershed is similar to that of the Stony Brook
watershed. The Muddy River watershed, however, has
more single-family residential land use and slightly less
open space and forest than the Stony Brook watershed.

Dry-weather flows (typically about 3 to 5 ft¥/s)
and water levels in Muddy River are affected by dam
operations at the mouth of the Charles River. As with
Stony Brook, streamflow is flashy and highly responsive
to rainfall. During Water Year 2000 (October 1, 1999 to
September 30, 2000), the USGS measured peak flows up
to 230 ft*/s. The Muddy River commonly floods during
large rainstorms, in part because of channel constrictions
where the stream enters a culvert upstream of the Back
Bay Fens (fig. 5) (Breault and others, 1998; City of
Boston/Town of Brookline, 2003).

Laundry Brook

Laundry Brook drains a 3,038-acre (4.7 mi?) water-
shed located almost completely in Newton, immediately
west of Brookline and the Brighton section of Boston
(fig. 1; table 1). The average slope of the watershed
(5.4 percent) is less than both the Stony Brook and
Muddy River watersheds (6.5 and 7.2 percent, respec-
tively), which reflects the large portion of watershed
area (33 percent) underlain by sand-and-gravel outwash
plains (Zarriello and Barlow, 2002). Cold Spring
Brook, a headwater tributary, drains a large outwash
area in the southwestern portion of the watershed. The
brook owes its name to the relatively large volume of
ground-water discharge it receives from the surround-
ing outwash. In New England, ground-water discharge
is typically colder in summer and warmer in winter than
the ambient air temperature. A second named tributary,
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Hammond Brook, is the outlet stream of Hammond
Pond in the southeastern portion of the watershed.
Edmands Brook, a small tributary, flows through for-
ested parkland in the north-central part of the watershed.
Consistent with its suburban setting, the Laundry
Brook watershed is dominated by single-family-
residential land use (fig. 10). However, average lot sizes
in the single-family areas are small (about 0.25 to
0.33 acres) compared to lot sizes in the newer suburbs at
the fringe of the Boston metropolitan region. The stream
network of the Laundry Brook watershed, like that of the
Bussey Brook and Canterbury Brook small watersheds
of the Stony Brook system, is also distinctive. Stream
channels in the Laundry Brook watershed typically
flow in open channels through parks and playgrounds,
disappear into conduits as they enter residential areas,
and then reappear once again at the next park down-
stream. Ponds such as Bullough’s Pond (fig. 5) form
integral parts of the stream network (Muir, 2002).
Streamflow in Laundry Brook ranged from 0.10 to
216 ft’/s during Water Year 2000 (Zarriello and Barlow,
2002). Upstream regulation of the Bullough’s Pond
dam affects streamflows at the mouth of
Laundry Brook. Before large rainstorms, the
city of Newton typically draws down the pond
to prevent flooding of adjacent properties.

Faneuil Brook

Faneuil Brook has the smallest watershed area,
(1,151 acres or 1.8 mi?), and the steepest average slope
(8.9 percent) of all four major watersheds contributing
to the lower Charles River (Zarriello and Barlow, 2002).
The stream originates at Chandler Pond in the Brighton
section of Boston (figs. 1 and 5). Altitudes in portions
of the watershed south of the pond exceed 240 ft above
sea level (fig. 6), making it one of the highest areas in
the lower Charles River watershed. Consistent with its
relatively rugged topography, the watershed’s surficial
deposits contain more till (76 percent) and less sand and
gravel outwash (8 percent) than any of the other major
watersheds (fig. 8). Faneuil Brook flows through a cul-
vert for its entire length of about 6,000 ft. Land use
in the basin is mostly single-family residential (53 per-
cent), with substantial urban open space and forest
(24 percent) (fig 10).

Streamflows in Faneuil Brook were highly variable
during Water Year 2000. Dry-weather flows averaged
a few tenths of a cubic foot per second, and peak flows
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in wet weather reached 179 ft*/s (Zarriello and Barlow,
2002). The steep slope and surficial geology of the
watershed contribute to the high variability in flow.

Other Streams

In addition to the four major watersheds, numer-
ous smaller streams drain directly to the lower Charles
River through the storm drain networks of the five
municipalities in the watershed. These smaller streams,
and their associated watershed areas are even less
known to the public than the four major watersheds.
However, they affect the hydrologic functioning and
water quality of the mainstem Charles River, and it
is important, therefore, to document their locations,
characteristics, and principal outlets (fig. 12; table 2).

Ponds, Reservoirs, and Wetlands

Although urban development has greatly altered
the lower Charles River watershed, a number of
ponds and wetlands have survived. These features
mitigate urban flooding by providing storage for
stormwater runoff, and provide essential habitat for
waterfowl, fish, and other aquatic species. Most of
the constructed reservoirs in the lower watershed
are no longer used for public-water supply, but are
nevertheless of historic interest. Because most of the
ponds, reservoirs, and wetlands are surrounded by
public lands, they also have important recreational and
aesthetic value for the surrounding communities.

The lower Charles River watershed contains 14
ponds at least 1 acre in size (table 3; fig. 5). Jamaica
Pond, a 67-acre kettle pond at the source of the Muddy
River, is the largest natural freshwater body in the
watershed. Other relatively large natural ponds include
Hammond Pond and Bullough’s Pond in the Laundry
Brook watershed, Chandler Pond (the source of Faneuil
Brook), and Turtle Pond (the source of Stony Brook).

Many of the parks and other open-space areas in
the watershed contain additional named and unnamed
ponds. Turtle Pond was known historically as Muddy
Pond (figs. 3, 4). The Stony Brook State Reservation
in the Stony Brook headwaters contains at least seven
unnamed ponds. Additional ponds are in Boston’s
Arnold Arboretum; in Franklin Park; in the Mt.
Auburn, Mt. Hope, and Forest Hills cemeteries; and
on the grounds of the former Boston State Hospital
(now occupied by the Boston Nature Center of the
Massachusetts Audubon Society). In Brookline, the
Larz Anderson and Amory Street Parks also contain

small ponds. The Frog Pond on Boston Common,
now highly altered, has been used by the public since
the 1600s (Kaye, 1976). It is presently maintained by
the city of Boston for public wading and skating.

In addition to natural ponds, the lower Charles
River watershed contains several historically signifi-
cant reservoirs. The oldest is Brookline Reservoir (table
3; fig. 5), a storage reservoir constructed in the 1840s
to receive and distribute imported water from Lake
Cochituate, Boston’s first city-wide public-water supply
(Nesson, 1983). The largest reservoir is the Chestnut Hill
Reservoir, near Boston College on the Newton-Brighton
boundary. This storage reservoir was constructed in the
1870s as part of the Sudbury Reservoir system, devel-
oped when Lake Cochituate proved insufficient for
Boston’s rapidly growing population (Nesson, 1983).

A companion reservoir, immediately west of Chestnut
Hill Reservoir (fig. 4), was abandoned and filled. It is
now overlain by a portion of the Boston College cam-
pus. Numerous additional small storage reservoirs, such
as the Fisher Hill Reservoir in Brookline (fig. 5), were
built in the late 19th century to supply water, by gravity,
to surrounding residential areas. Although not a water-
supply reservoir, a constructed water body of historical
importance, Swan Pond, was constructed in the 1830s
in the newly created Boston Public Garden (Seasholes,
2003). Boston’s well-known swan boats have used the
pond for over 125 years.

Courtesy of the Boston Water and Sewer Commission

Construction of the Faneuil Brook conduit,
also known as the Faneuil Valley conduit,
Brighton, about 1900.
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Figure 12. Major tributary watersheds and small watershed areas of the lower Charles River, Massachusetts. Four
of the small watershed areas are named in table 1 (modified from Zarriello and Barlow, 2002).
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Table 2. Characteristics of watersheds that drain directly to the lower Charles River, Massachusetts.

[See figure 12 for locations of major tributary watersheds, small watershed areas, and outlets. Information on major tributary watersheds is stated in bold type.
In some cases, small watershed areas have more than one outlet; only the principal outlet is identified. Data for combined-sewer overflow (CSO) watershed
areas are not shown; sewer separation is now occurring in much of the combined-sewer area. CAM, city of Cambridge CSO; MWR, Massachusetts Water
Resources Authority CSO. Land-use types:—HD, high-density single-family residential; MD, medium-density single-family residential; F, forest; UO, urban

open space; C, commercial; T, transportation; R, spectator or participant recreation; I, industrial; MF, multifamily residential; --- , not applicable]
Principal Drainage Dominant
Major tributary watershed or
small watershed area outlet area land uses
identifier (acres) (1999)
Laundry Brook 2 3,038 HD, MD, F
Watertown West local drainage 6 153 HD, UO, C
Watertown Square Drain 5 560 HD, UO
Newton West local drainage 9 71 HD, C
Hyde Brook 12 439 HD, UO
Newton East local drainage 13 58 HD, T,R
Watertown Central local drainage 17 205 HD, 1
Watertown East local drainage 18 97 T,R
Brighton local drainage 19 190 HD, T, C
Faneuil Brook 21 1,151 HD, MF, C
Sawin’s Pond Brook 25 579 HD, I
Shepard Brook 27 414 I, MF, UO
Soldier’s Field Local Drainage 27a 169 R, T
Mt. Auburn Cemetery local drainage 28 311 UO, T
CSO (CAM 005) 29 -
Sparks Street local drainage 30 194 MD, UO, HD
CSO (CAM 007) 32 -
Harvard Square local drainage 40 231 MEF, UO, C
CSO (CAM 009) 35 -
Harvard Street north local drainage 37 56 HD, UO
Harvard Business School local drainage 37a 72 UO, MF, C
CSO (CAMO11) 39 -
North Putnam Avenue local drainage 41c 132 HD, T
Western Avenue local drainage 42 92 HD, T, C

Cambridge Street local drainage 43 218 T,C, 1
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Table 2. Characteristics of watersheds that drain directly to the lower Charles River, Massachusetts.—Continued

[See figure 12 for locations of major tributary watersheds, small watershed areas, and outlets. Information on major tributary watersheds is stated in bold type.
In some cases, small watershed areas have more than one outlet; only the principal outlet is identified. Data for combined-sewer overflow (CSO) watershed
areas are not shown; sewer separation is now occurring in much of the combined-sewer area. CAM, city of Cambridge CSO; MWR, Massachusetts Water
Resources Authority CSO. Land-use types:—HD, high-density single-family residential; MD, medium-density single-family residential; F, forest; UO, urban

open space; C, commercial; T, transportation; R, spectator or participant recreation; I, industrial; MF, multifamily residential; --- , not applicable]
Principal Drainage Dominant
Major tributary watershed or
small watershed area outlet area land uses
identifier (acres) (1999)
Riverside local drainage 44 68 MF, C
Smelt Creek 45 494 MF, HD, C
Magazine Beach local drainage 46 76 MF, R, UO
CSO (MWR 201; Cottage Farm) 47 - -
Halls Pond Drain 48 227 C, HD, MF, UO
St. Mary’s Street Drain 49 91 HD, C
Boston University local drainage 49a 81 MF, UO, C
Cambridgeport local drainage 52 144 MF, C, UO
Muddy River Conduit 53 135 C, MF, UO
Bay State Road local drainage 54 31 CT
MIT West local drainage 55 172 C, MF, UO
Muddy River 56 4,005 HD, MF, UO
Stony Brook 58 8,393 HD, MF, UO, F
MIT East local drainage 67 199 C,UO, T
CSO (MWR 018) 60 - ---
CSO (MWR 019) 62 -—- ---
CSO (MWR 020) 65 - ---
CSO (MWR 021; Closed) 66 - ---
CSO (MWR 022; Closed) 68 - ---
CSO (CAM 017) 69 - ---

Lechmere local drainage 70 120 C, MF
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Over the past 375 years, many of the original
freshwater wetlands and ponds of the lower Charles
River watershed have been drained or filled. Comparison
between the 1890 and 1987 USGS topographic quadran-
gle maps (U.S. Geological Survey, 1890; 1987) provides
examples of significant inland fill activity over this
94-year period. For example, much of a 65-acre wetland
adjacent to Canterbury Brook in the Stony Brook water-
shed (figs. 4 and 5) was filled to create land for Boston
State Hospital. A comparably sized wetland between
the Roslindale and Forest Hills portions of the Stony
Brook valley (fig. 4) was also filled during this period.
Strongs Pond in Brighton, an 8-acre pond formerly
adjacent to Chandler Pond (fig. 4), was filled to create
Gallagher Park. The three largest remaining wetlands
in the watershed occupy protected open-space areas (1)
next to Hammond Pond (13.5 acres of wetland), (2) in
the headwaters of Stony Brook (about 10 acres), and (3)
in the headwaters of Cold Spring Brook (about 2.7 acres;
fig. 5). Although the history of landmaking in Boston’s
tidelands has been documented in detail (Seasholes,
2003), the original character and extent of freshwater
resources in the Boston region, and their subsequent his-
tory of alteration, remain to be fully described.

Ground-Water Resources

The first settler on the Shawmut Peninsula, the
Reverend William Blaxton, built his house in 1625 on
the western slope of Beacon Hill (fig. 2) near a freshwa-
ter spring (Whitehill, 1968). This spring, which dis-
charged from a permeable sand layer underlying Beacon
Hill (Kaye, 1976), must have provided an ample water
supply, for in 1630, Blaxton invited John Winthrop and
his band of colonists to abandon Charlestown and its
limited, brackish water supply for the improved liv-
ing conditions on the south side of the Charles River.
Winthrop and his colonists accepted the invitation,
settled the Shawmut Peninsula, and established the
town of Boston. Additional springs were located and
wells were dug for private and public use; these ground-
water supplies met Boston’s needs for about the next
150 years. By the late 1700s, however, the paving of
upland ground-water recharge areas on the peninsula
had reduced the available water supply, and contamina-
tion from privies and livestock had compromised water
quality to the point where public health was at risk.
Consequently, Boston residents were forced to import
drinking water from the mainland to meet their needs.

Stony Brook weir at Hyde Park.

Courtesy of the Boston Water and Sewer Commission
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Table 3. Ponds, reservoirs, and wetlands of the lower Charles River watershed, Massachusetts.

[See figure 5 and U.S. Geological Survey (1987) for locations of water bodies. Water-body areas from 1:25,000 MassGIS hydrography data layer (Massachu-

setts Geographic Information System, 2004)]

Name City or town Major watershed Water- Water-body area

body type (acres)
Jamaica Pond Boston Muddy River pond 66.7
Hammond Pond Newton Laundry Brook pond 22.4
Chandler Pond Boston Faneuil Brook pond 11.4
Leverett Pond, in Muddy River Brookline/Boston Muddy River pond 9.0
Bulloughs Pond Newton Laundry Brook pond 6.9
Turtle Pond, Stony Brook Reservation Boston Stony Brook pond 6.6
Scarboro Pond, Franklin Park Boston Stony Brook pond 6.1
Unnamed pond, Forest Hills Cemetery Boston Stony Brook pond 2.6
Sargent Pond Brookline Muddy River pond 24
Ward Pond, in Muddy River Boston Muddy River pond 2.3
Unnamed pond, Stony Brook Reservoir Boston Stony Brook (headwaters) pond 1.9
Unnamed pond, Mt. Hope Cemetery Boston Stony Brook pond 1.4
Unnamed pond, Arnold Arboretum Boston Stony Brook pond 1.0
Halls Pond, Amory Street Park Brookline Halls Pond Drain pond 1.0
Chestnut Hill Reservoir Boston Muddy River reservoir 82.7
Brookline Reservoir Brookline Muddy River reservoir 21.1
Fisher Hill Reservoir Brookline Muddy River reservoir 22
Hammond Pond wetland Newton Laundry Brook wetland 13.5
Stony Brook headwater wetlands Boston Stony Brook (headwaters) wetland 10.1
Cold Spring Brook wetland Newton Laundry Brook wetland 2.7

Although ground water has not been a major source
of drinking water in Boston since the mid-19th cen-
tury, ground-water levels in the city remain a major
concern. In the Back Bay and other filled areas, many
of the building foundations were built upon wooden
pilings driven into the underlying estuarine muds and
Boston Blue Clay. However, the sewers, storm drains,
and subway tunnels constructed in the fill since the
buildings were built have generally leaked, lowering the
average elevation of the water table in the filled areas.
The lowered water table, in turn, has exposed some of
the wood pilings to air, causing dry rot and threatening
the integrity and safety of numerous buildings (Cotton
and Delaney, 1975; Aldrich and Lambrechts, 1986;
Seasholes, 2003).

The potential hazard posed by lowered ground-water
levels was recognized as early as 1878, when seven
observation wells were installed by the Commonwealth
of Massachusetts in the newly filled Back Bay lands to
measure ground-water levels before and after the com-
pletion of Boston’s first metropolitan sewage-
collection system (Cotton and Delaney, 1975; Aldrich
and Lambrechts, 1986). This small observation-
well network has been greatly expanded over the
decades. During the 1930s, the federal Works Projects
Administration added about 600 wells to the network
and monitored water levels for several years; in the early
1970s, the USGS located, tested, and measured water
levels in a subset of these wells. An atlas was subse-



28 Water Resources and the Urban Environment, Lower Charles River Watershed, Massachusetts, 1630-2005

quently published showing spatial and temporal trends in
ground-water levels on the Boston (Shawmut) Peninsula
(Cotton and Delaney, 1975). Private and public orga-
nizations continue to monitor and correct the problems
associated with lowered ground-water levels in the city
(Greenberger, 2003).

Water and the Urban Environment

Over the past 375 years, human activity has pro-
foundly altered the landscape, water resources, and
hydrologic processes of the lower Charles River water-
shed. From 1840 to 1910, the population of the city of
Boston dramatically increased (fig. 13), and large areas
of the watershed formerly occupied by small farms
became urbanized. The development of new water-
supply sources, sewage-disposal practices, and public-
water infrastructure during this period helped to set a
pattern for later developments in the region and through-
out the United States. In this section, the hydrologic
effects of urbanization are considered in relation to the

glaciated landscape of the lower Charles River water-
shed. The history of Boston’s water-supply and sewage-
disposal infrastructure is also briefly reviewed.
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Figure 13. Population of Boston, Massachusetts,
1790 to 2000 (U.S. Census data; does not include
metropolitan area).

Courtesy of the Boston Water and Sewer Commission

Extensive freshwater wetland near Canterbury Brook, Mattapan, about 1900. This wetland was
largely filled during the 20th century.




Hydrologic Effects of Urbanization

Important components of the water cycle in the
lower Charles River watershed include precipitation
(rain and snow), surface runoff, ground-water recharge
and discharge, evaporation from soils and surface
waters, and transpiration by plants (referred to collec-
tively as evapotranspiration). Annual precipitation in
the lower Charles River watershed averages about 42 in.
(Zarriello and Barlow, 2002), and is evenly distributed
throughout the year (an average of 3.5 in/mo; fig. 14A).
Evapotranspiration, by contrast, displays a distinctive
annual cycle in the Boston region, driven by the annual
cycle in mean temperature and the growing season of
trees and other plants (figs. 14A, B).

Annually about 15 in. (35 percent) of the precipita-
tion that falls on the watershed is lost to evapotranspi-
ration, leaving an average of about 27 in. for surface
runoff and ground-water recharge (fig. 14C; Zarriello
and Barlow, 2002; Randall, 1996). Of this total, 10 in.
typically becomes surface runoff (23 percent of precipi-
tation), and the remaining 17 in. recharges the ground-
water-flow system (42 percent of precipitation; Zarriello
and Barlow, 2002). The relative amount of runoff in
relation to recharge in any given area of the watershed
depends upon the characteristics of the natural and con-
structed landscape.

Factors Controlling Runoff and Recharge

The most important natural factors controlling
runoff from various areas of the watershed are land-sur-
face slope and the permeability of the geologic depos-
its (or soils) exposed at the surface. In the absence of
urban development, areas with steep slopes underlain by
relatively impermeable glacial deposits (such as in the
Faneuil Brook watershed in Brighton) generate relatively
high volumes of runoff per unit area and lesser amounts
of ground-water recharge. By contrast, flat areas under-
lain by coarse sand and gravel deposits (such as the
upper Laundry Brook watershed in Newton) generate
relatively less runoff and more recharge.

Urban development has significantly altered the
natural balance between runoff and recharge in the lower
Charles River watershed. Construction of buildings,
streets, and parking lots has increased the fraction of
impervious area in the watershed, causing much larger
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runoff volumes and increasing the frequency and severity
of floods in downstream areas. The combined effects of
these natural and human factors are illustrated in figure
15, which shows the flow response of the Charles River
and selected tributary watersheds to a moderately large,
1.7-in. rainstorm in July 2000. Flow is plotted in relation
to time over the 13-hour duration of the storm.

All three of the tributary watersheds in figure 15
respond relatively quickly to the storm, although the
magnitude of the flow peaks and the declines in flow
after the storm differ greatly. The most impervious of
the watersheds (a multifamily residential watershed in
Cambridge with an effective impervious cover of 73
percent) shows the highest values of runoff per unit area
and the most rapid declines in runoff after the storm. The
remaining two watersheds (Faneuil Brook and Laundry
Brook) have much lower percentages of effective imper-
vious cover (each less than 15 percent). Differences in
runoff behavior between these two less urbanized basins
are likely caused by differences in surficial geology
(fig. 8) and basin slope (fig. 6). Faneuil Brook, which
drains a steep basin underlain largely by till, responds to
the storm quickly and has a higher peak runoff rate than
Laundry Brook, which drains a flatter basin underlain
by a significant area of sand and gravel. The mainstem
Charles River at Watertown, by contrast, generates
much less runoff per unit area than the other watersheds,
and the decline in flow after the storm is much slower.
This behavior is due to the relatively small percent-
age of impervious area in the Charles River watershed
as a whole, and the large storage capacity provided by
upstream wetlands and impoundments. These watershed
features buffer the response of the river to individual
storms, and limit flooding in downstream areas, as
observed by J.R. Freeman over a century ago
(Freeman, 1903).

The same landscape features that promote surface-
water runoff and flooding in urban areas tend to reduce
or eliminate ground-water recharge. For example, when
the upland areas of the Shawmut Peninsula were covered
with buildings and cobblestone streets in the late 1700s
and early 1800s, flow from springs declined and wells
went dry, forcing Boston to look to the mainland for
water supply. Stream base flow (the sustained flow of
streams between storms) is derived largely from ground-
water discharge; urbanization has likely reduced both
ground-water recharge and discharge in all of the major
tributary watersheds of the lower Charles River.
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Figure 14. A, Average monthly precipitation and evaporation from surface-water bodies in the lower Charles River
watershed; B, average monthly temperature, city of Boston; C, average annual rainfall, simulated runoff, simulated
evapotranspiration, and simulated recharge in the lower Charles River watershed. All data and model simulations
from Zarriello and Barlow (2002), based on the 1970-95 period.
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Runoff Quality

The quality of runoff has also been affected by
urbanization in the lower Charles River watershed.
Runoff from the watershed typically contains a variety of
contaminants, including fecal bacteria, phosphorus and
other nutrients, and lead and other metals (fig. 16). Fecal
bacteria pose risks to the health of swimmers and boat-
ers, phosphorus and other dissolved nutrients promote
excessive algal growth, and dissolved metals can be toxic
to fish and other aquatic species.

Although some of these contaminants, especially
bacteria, may originate from illicit sewage connections
to storm drains, the majority of the contaminants derive
from the buildup of particulate matter on streets, park-
ing lots, roofs, and other impervious surfaces during dry
weather, and from their subsequent removal by rain-
storms. Long periods of dry weather before rainstorms
tend to result in high contaminant concentrations in
runoff (Breault and others, 2002).

Water Supply and Sewage Disposal

Although many components of the water cycle are
affected by human activity in a highly urbanized water-
shed like that of the lower Charles River, the strictly
anthropogenic flow components of this cycle are those
flows that would not exist in the absence of a human
population. These flows include local withdrawals for a
variety of uses, local wastewater return flows, imports of
water from remote sources, and exports of wastewater to
remote receiving waters. The character and magnitude of
anthropogenic flows in the lower Charles River water-
shed have changed greatly in the past 375 years.

The Colonial Era

From 1625 to the late 1700s, water supply and
wastewater disposal in the watershed were strictly local.
Springs and dug wells were the principal form of water
supply in Boston, and privies were the preferred mode of
human waste disposal. As in most early American cities,

Courtesy of the Boston Water and Sewer Commission

A newly constructed brick conduit, Boston, about 1905.
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Figure 16. Quality of runoff in the Charles River at
Watertown, and in major tributary streams of the lower
Charles River watershed during wet-weather events,
2000: A, fecal coliform; B, total phosphorus; C, total
recoverable lead. Samples collected at stream-gaging
stations shown in figure 5 (Breault and others, 2002).

Water and the Urban Environment 3

Boston’s privy vaults would be emptied by hand, often at
night, and the nightsoil would be disposed of locally or
conveyed to farms in the surrounding countryside (Tarr,
1996).

In the 18th century, Boston was one of the first
American cities with cobblestone-paved streets drained
by an underground storm drain network (Bridenbaugh,
1971; Spirn, 1984). Paved streets with underground
drainage systems were major sanitary innovations at the
time. Kitchen and household wastewater, but not human
wastes, could be legally disposed of in these drains,
which discharged to the tidal flats of the Charles River
(Back Bay) and Boston Harbor (Seasholes, 2003).

Public-Water Supply in the Modern Era

As the quantity and quality of local ground-water
supplies began to decline in Boston, the search began for
external water supplies. A private-water company was
formed in 1795 to convey water from Jamaica Pond to
Boston through a network of hollow-log pipes (Spirn,
1984). In the mid-1840s, Boston’s first public-water
supply, Lake Cochituate, was developed in Natick about
10 mi west of the city in the Sudbury River watershed.
John Jarvis, the engineer who designed New York City’s
Croton Reservoir several years earlier, oversaw construc-
tion of the Lake Cochituate system (Nesson, 1983). An
aqueduct was built to convey the water from Natick to
the Brookline Reservoir (figs. 3 and 5); water was then
distributed from this reservoir to all parts of the city,
through a 60-mi network of iron pipe (Rawson, 2004).
On October 28, 1848, a public celebration of the new
water system was held on the Boston Common (fig. 17),
complete with public orations and a gushing fountain at
the Frog Pond (Spirn, 1984, Rawson, 2004).

Over the ensuing decades, the rapidly growing
city developed additional supplies in the Sudbury
River watershed. By the turn of the 20th century, a
Metropolitan Water Board was established to construct
larger reservoirs in the southern Nashua River watershed
(Wachusett Reservoir) and eventually the Chicopee
River watershed (Quabbin Reservoir) in west-central
Massachusetts (Nesson, 1983; Elkind, 1998; and
Massachusetts Water Resources Authority, 2004c.)
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Public-Sewage Collection and Disposal in the
Modern Era

In both Boston and New York City, the advent of a
reliable public-water supply in the 1840s coincided with,
and probably spurred, the introduction of water closets
to private homes. With a reliable public-water supply,
water carriage of human wastes became practical, and
sewage-collection systems in the modern sense began in
Boston (Tarr, 1996; Melosi, 2000). However, Boston’s
first modern sewer system, the Main Drainage Works,
would not be completed until 1884, some 36 years
after the water supply was introduced (Clarke, 1888).

In the interim, sewage was sent directly to the Charles
River, Boston Harbor, and their tidal flats through
so-called common sewers and street drains—contrary
to previously established regulations. In some parts of
Boston, specially designed pipes were introduced to
facilitate water carriage of human wastes

(fig. 11 shows one such design). By the 1870s, about 24
common sewers discharged a combination of sewage
and stormwater directly to the Charles River (City of
Boston, 1878). The replacement of privy vaults by
common sewers probably benefited public health, but
with adverse consequences for the health and aesthetic
quality of the Charles River and nearshore areas of
Boston Harbor.

By the late 1870s, the main body of Back Bay east
of Gravelly Point had been filled, leaving a relatively
small area of tidal water and mudflats in westernmost
Back Bay, at the mouth of Stony Brook and Muddy
River. Because of rapid population growth in these two
watersheds, sewage flows to Stony Brook and Muddy
River had greatly increased, and the waters and mudflats
of western Back Bay became grossly polluted. Prevailing
winds carried sewage odors to the fashionable new
Back Bay residential districts to the east, provoking the
following observation from the Boston Board of Health:

Courtesy of the Boston Athenaeum

Figure 17. The Boston Water Celebration on Boston Common, October 25, 1848. The fountain in
the background was located in the Frog Pond.



Large areas have been at once, and frequently,
enveloped in an atmosphere of stench so strong as
to arouse the sleeping, terrify the weak, and nause-
ate and exasperate nearly everybody... It visits the
rich and poor alike. It fills the sick chamber and the
office. It travels in a belt halfway across the city,
and at that distance seems to have lost none of its
potency... (City of Boston, 1878).

The germ theory of disease was not yet widely accepted;
miasmas and foul odors were considered to be disease
agents as well as aesthetic nuisances (Dufty, 1992).
Consequently, the sewage odors emanating from western
Back Bay and other parts of the city were treated as seri-
ous public health threats.

Between the late 1870s and 1910, several large
public works projects were undertaken to address the
sewage problems of the lower Charles River watershed.
Typically, sanitary improvement was only one of several
justifications provided for these public undertakings.
Three of the most significant sanitary projects of this
period were: (1) the construction of the first citywide
sewer system (the Main Drainage Works); (2) the con-
struction of the Back Bay Fens; and (3) the damming of
the lower Charles River.

The Main Drainage Works

The Main Drainage Works was one of the first large
sewer systems built in the United States. It was specifi-
cally designed to limit the pollution of tidal flats adjacent
to densely populated areas of the Boston Harbor and
lower Charles River watersheds by conveying flows to
a remote lagoon-and-outfall facility at Moon Island, an
uninhabited Boston Harbor island (fig. 18). The system
employed a network of interceptor conduits that were
generally parallel to the shorelines of the receiving water
bodies (the Charles River and Boston Harbor). The inter-
ceptors received the combined sewage and stormwater
from sewers that had previously discharged directly to
the city’s tidal flats and waters (old sewer outlets shown
on fig. 18). At selected points along their routes, often
coinciding with the old sewer outlets, the interceptors
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were designed to overflow into receiving waters under
storm conditions. These points would become known as
“combined-sewer overflows” or CSOs (fig. 19).

The interceptor sewers of the 1884 system were
an important technological advance over the previous
interim system of common sewers, and reduced the total
volume of sewage entering the lower Charles River. A
North System was subsequently added, with an outfall at
Deer Island. These two systems would later be expanded
and consolidated into the Metropolitan Sewerage
System, completed about 1905. The primary source for
information on the original system is Clarke (1888);
recent descriptions of Boston’s subsequent wastewater
infrastructure are provided by Seasholes (2003) and the
Massachusetts Water Resources Authority (2004a).

The Back Bay Fens Sanitary Improvement

By the late 1870s, sewage odors from the western
section of Back Bay were considered a major pub-
lic-health threat. This heavily polluted area, however,
was not conducive to what has been dubbed “the usual
Boston fix” for water pollution (Seasholes, 2003): sim-
ply filling the offending water body. Remediation of this
area, a dynamic zone of flowing water at the mouths of
Stony Brook and Muddy River (fig. 20), required a more
innovative approach.

Such an approach was proposed by Frederick Law
Olmsted, the landscape architect who codesigned New
York City’s Central Park and later designed Franklin
Park and the remainder of the Boston Park System. His
proposal for a “Sanitary Improvement of the Back Bay’
was adopted by the city of Boston in 1879 (Freeman,
1903; Seasholes, 2003). The plan called for filling 86
percent of the 190-acre section of Back Bay west of
Gravelly Point, and excavating a narrow, deep, winding
saltwater basin to take its place (fig. 20). The level of
the saltwater basin was to be maintained at an altitude
of about 2.4 ft above mean sea level by a tide gate at its
mouth, which prevented exposure of the offensive mud
flats at low tide. Additionally, the entire dry-weather
flow of Stony Brook was to be rerouted directly to the
Charles River through a conduit. The polluted Stony
Brook was designed to overflow into the constructed
saltwater basin only during major floods. Some 20 acres

’
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Figure 18. The Main Drainage Works sewage-collection system, 1884, Boston, Massachusetts,
(modified from Clarke, 1888).
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Figure 19. Schematic of combined-sewer overflow (CSO) under dry- and wet-weather
conditions (modified from Breault and others, 2002).

of land adjacent to the saltwater basin were also set aside
as a low-lying brackish marsh to provide additional flood
storage for Stony Brook during storms. The entire flow
of the Muddy River (wet and dry weather) was to be
diverted into a conduit under the present-day Brookline
Avenue to the Charles River (figs. 7 and 20).

The history of the Back Bay Fens since its comple-
tion in 1894 is complex and colorful. Although this
innovative sanitary improvement does not function as
originally intended—in part because the subsequent
damming of the Charles River eliminated all tidal
exchange—Iliving conditions in the surrounding areas
were greatly improved by the project. Major institu-
tions, including the Museum of Fine Arts, the Gardner
Museum, Symphony Hall, Fenway Park, and numerous
colleges and universities were established in this new
section of the city. For detailed accounts of the Fens,
its history, and current efforts to restore its parklands
and waterways, see Freeman (1903), Zaitzevsky (1982),

Spirn (1984), Seasholes (2003), Haglund (2003), City of
Boston/Town of Brookline (2003), and the National Park
Service (2004b).

The 1908 Charles River Dam

The construction of a dam at the mouth of the
Charles River was first proposed in the mid-1800s, and
was the subject of intense debate for two decades before
its eventual completion in 1908 (Haglund, 2003). Dam
proponents viewed it as a vital part of a larger pro-
gram to improve the entire lower Charles River and its
shoreline for public use. This larger effort included the
acquisition of land for public parks and parkways, and
the elimination of pollution sources along the shore-
line—including a large slaughterhouse in Brighton.
The two main reasons given for building the dam were
to create an attractive freshwater basin that could pro-
vide recreation for boaters and serve as the focus for
a metropolitan water park, and to ameliorate sewage
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problems that continued to degrade the river and tidal
flats bordering upon Cambridge and Boston residential
areas (fig. 21). Dam opponents argued that the proposed
dam would increase sedimentation rates in Boston
Harbor, and further degrade water quality in the river.
Privately, opponents on the Boston side of the river were
concerned that their property values would be negatively
affected by the public park that was proposed to border
the new freshwater basin (Haglund, 2003).

To address these objections, the Commonwealth
established a committee, chaired by MIT President
Henry S. Pritchett, which sponsored coordinated stud-
ies of the geology, hydrology, chemistry, biology, and
epidemiology of the estuary (Pritchett and others, 1903).
The studies were conducted under the direction of John
R. Freeman, an MIT-trained engineer (Haglund, 2003).
Sewage pollution was the primary focus of these studies.
Although the Main Drainage Works and the subsequent
Metropolitan Sewerage System (still under construc-
tion in 1903) had reduced direct discharges of sewage
to the tidal flats of the Charles River, combined-sewer
overflows were occurring with increasing frequency. The
increased frequency was attributed largely to increased
dry-weather flows of sanitary sewage from the steadily
growing population in the service area. Stormwater-
runoff volumes also were steadily increasing because
of the expansion of impervious area in the contributing
watersheds. It was suggested that the interceptor sewers
may have been undersized, for economic reasons, when
originally constructed:

The cost of making the main drainage and metropol-
itan sewers of anywhere near the capacity of the old
combined common sewers and storm drains would
have been absolutely prohibitive. Economy forbade
making these long and costly conduits to Moon
Island and to Deer Island more than a little larger
than was required for the sewage proper, the house-
hold and factory wash water carrying waste. Today,
speaking generally, these main interceptors are
found near their lower ends only sufficiently large to
carry about two or three times the mean dry-weather
flow; and this...flow is much smaller than the flow in
the sewers during the forenoon of Monday or “wash-
ing day” in March or April when house drainage
flow is heaviest and the ground water flow is large...
(Freeman, 1903, p. 146).

After evaluation of all other alternatives, including
complete sewer separation in Boston and Cambridge,
and dredging the mudflats of the entire estuary to a level

below mean low water, the creation of a freshwater basin
was considered to be the most feasible approach to sani-
tary problems in the river. A new freshwater basin, mod-
eled after the Alster Basin of Hamburg, Germany, would
provide, in Freeman’s words, “a magnificent opportunity
for wholesome recreation and the enjoyment of a more
beautiful landscape” (Freeman, 1903, p. 108). The dam
proposal was approved by the legislature, and construc-
tion proceeded. The dam was completed by 1908; the
park overlying the dam and several ancillary projects
were completed by 1910. One of these projects was the
Boston Marginal Conduit, located below the present
Storrow Drive. The conduit still conveys the combined
sewage of northern Back Bay (fig. 1) to a CSO-treatment
facility downstream of the 1908 dam.

Recent History

The physical infrastructure of the freshwater basin
has been upgraded in recent decades to address new
challenges (Breault, Barlow and others, 2000; Haglund,
2003). In 1978, the U.S. Army Corps of Engineers
built a second dam about 2,500 ft downstream of the
original dam to control floods and improve the passage
of anadromous fish. Pumps in the new dam are designed
to maintain a constant water level in the freshwater
basin of about 2.4 ft above mean sea level. The pumps
are capable of maintaining a constant basin water level
when the level of Boston Harbor exceeds that of the
basin, and upstream flood waters would otherwise
inundate the adjacent parklands, parkways, and
residential areas of Cambridge and the northern Back
Bay. Such flooding occurred during two large hurricanes
in the 1950s (U.S. Army Corps of Engineers, 1968).

The sewage-collection and treatment systems of the
watershed have recently undergone a period of major
reconstruction. By the 1980s, the Metropolitan Sewerage
System, although enlarged and improved from the
system of 75 years earlier, had become overburdened
by the demands of a greatly enlarged metropolitan
population (Massachusetts Water Resources Authority,
2004a). In 1985, a Federal court directed the
Commonwealth of Massachusetts to rebuild the region’s
sewage-treatment and other wastewater infrastructure
to meet the requirements of the Federal Clean Water
Act. In response, a multibillion-dollar construction
project was undertaken under the direction of a newly
created Massachusetts Water Resources Authority. By
1997, the new treatment facility at Deer Island was
completed. In 2000, a 9.5-mi-long, deep-rock outfall
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Figure 21.

The seawall and tidal flats on the Boston side of the lower Charles River, northern Back Bay,

about 1900 (Freeman, 1903). View is toward the east, along the present course of Storrow Drive. The tidal flats

of the Charles River were frequently polluted by sewage during periods of lower-than-average tide (neap-tide
periods), adversely affecting the adjacent residences of northern Back Bay.

tunnel was finished. The tunnel now conveys treated
wastewater effluent from the Deer Island treatment
facility, below Boston Harbor, to Massachsuetts Bay
(Massachusetts Water Resources Authority, 2004a).
The cleanup of Boston Harbor has been the

most prominent aspect of this reconstruction effort.
However, the challenges of urban runoff, combined-
sewer overflows, fish passage, and parkland
restoration along the lower Charles River and other
Boston Harbor tributaries have not been neglected
during this process. In fact, the Charles River is now
receiving a degree of public attention, appreciation,
and investment not seen in over a century.

Summary

The Charles River follows a winding, 83-mi course
from its source in east-central Massachusetts to its
mouth at Boston Harbor. The lower Charles River, the
9.5-mi reach downstream of the original head of tide

at Watertown, was once a productive tidal estuary with
abundant fish and shellfish stocks. For over 4,000 years
before the early 1600s, the lower watershed supported a
large Native American community. In the 1630s, English
colonists established several towns in the watershed,
including Boston, Cambridge, Watertown, Brookline
(originally Muddy River Hamlet), and Roxbury. The
largest of these towns was Boston, located on a neck
of land known as the Shawmut Peninsula at the mouth
of the Charles River. Soon after its founding, Boston
become a major seaport, and later played a critical role
in the American Revolution and the subsequent eco-
nomic, political, and cultural development of the Nation.
The purpose of this report is to enhance public
awareness of the physical and hydrologic setting of
the lower Charles River watershed, its diverse water
resources, and the main ways in which urbanization
has affected its hydrologic functioning. The report was
prepared in cooperation with the U.S. Environmental
Protection Agency (USEPA), Region I, and the
Massachusetts Department of Environmental Protection,
as part of the USEPA’s Clean Charles 2005 Initiative.
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The landscape of the lower Charles River watershed
has been profoundly affected by 375 years of urbaniza-
tion. Upland areas of the watershed are underlain by con-
glomerate and other rocks resistant to erosion; lowland
areas near the Charles River are underlain by more easily
eroded slates. All of the tidelands of the original Charles
River estuary—about 1,500 acres of mud flats and salt
marshes in lowlands adjacent to the river—have been
filled. Fill material was mainly obtained by excavating
glacial deposits—till, sand, and gravel—from the water-
shed and surrounding areas. The fill projects were under-
taken to create new land for public and private use, and
in many cases to provide temporary relief from sewage
contamination of shallow tidal-water bodies. The Back
Bay, with a total area of about 740 acres, was the largest
area to be filled adjacent to the lower Charles River.

The water resources of the lower Charles River
watershed consist of the mainstem river itself, 17
tributaries, 13 named ponds and reservoirs, numerous
unnamed ponds and wetlands, and the ground-water-
flow system. As with the surrounding landscape, human
activity has greatly altered these resources. The first
dam on the mainstem river was constructed in 1638,
at the head of tide in Watertown, to provide power
for a grist mill. The mouth of the river at Boston was
dammed in the early 20th century to create a freshwater
basin for public boating and recreation. The tributar-
ies of the lower Charles River have been almost com-
pletely culverted, except for the uppermost reach of
Stony Brook in West Roxbury and Muddy River (the
core of Boston’s Emerald Necklace parkland corridor).
Stony Brook is the largest tributary in the watershed,
and Muddy River is the second largest, as measured by
drainage area. The remaining 15 tributaries of the lower
Charles River are generally unknown to the public; the
largest of these streams are Laundry Brook in Newton
(partially culverted) and Faneuil Brook in Brighton
(completely culverted).

The ponds, wetlands, and reservoirs of the water-
shed provide essential habitat for wildlife, and also
provide recreational benefits to the surrounding com-
munities. Jamaica Pond, the source of the Muddy River,
is the largest natural freshwater body in the watershed.
Other sizable ponds include Hammond Pond in Newton
and Chandler Pond in Brighton. The largest surviving
wetland is adjacent to Hammond Pond; the majority
of the original freshwater wetlands in the watershed

have been drained or filled. Chestnut Hill Reservoir in
Newton and Brookline Reservoir in Brookline are the
two largest reservoirs in the watershed, although neither
is now used for public water supply. For the first 150
years of Boston’s history, ground water was the principal
source of water for domestic use—and the principal sink
for human wastes. Ground-water resources are no longer
used in the lower Charles River watershed for either
purpose.

Urbanization has affected the hydrology and envi-
ronmental quality of the lower Charles River watershed
in many ways. Street paving and storm-drain construc-
tion began in Boston in the 1700s, and likely enhanced
public health by improving local drainage in upland
areas of the city. The spread of impervious cover, how-
ever, especially after the advent of the automobile in the
early 20th century, led to higher storm flows in the major
tributaries, and lower base flows during dry-weather
periods. As a result, lowland areas of the city, especially
adjacent to Muddy River and Stony Brook, were fre-
quently flooded during large storms. Urbanization also
affected the quality of storm runoff. High concentrations
of fecal bacteria, nutrients, metals, and other contami-
nants in runoff, as well as illicit sewage connections to
the storm-drain system, substantially impaired the river
ecosystem and precluded human contact recreation.

Although local ground-water sources met the
water-supply needs of the human population during
the first 150 years of European settlement, the need for
new sources in Boston became pressing by the mid-
19th century. Accordingly, a reservoir was developed
in 1848, 10 miles west of the city, and a water-distri-
bution system was constructed to convey the water to
Boston. A citywide sewage-collection and disposal
system was not built until 1884. Both the water-sup-
ply and sewage-collection systems were expanded in
several phases over the next century, and eventually
were enlarged to serve the entire metropolitan area.
Over the past 15 years, the metropolitan sewage-col-
lection and -treatment system has undergone a major
reconstruction. Consequently, the water quality of
Boston Harbor, the Charles River, and other rivers in
the greater Boston region has substantially improved.
Further improvements in the quality of the Charles River
and its tributaries are expected to result from contin-
ued efforts to eliminate illicit sewage discharges and
improve stormwater management in the watershed.



Summary 43

i

Char le

s River

Courtesy of the Boston Water and Sewer Commission

The Back Bay Fens and surrounding area, Boston, late 1990s. The view is toward the north.

Acknowledgments

The authors thank the following municipal agen-
cies for providing geographic information for this
project: Boston Water and Sewer Commission (BWSC),
Brookline Information Technologies Department,
Cambridge Management Information Systems (MIS)
Department, Cambridge Department of Public Works,
Newton MIS Department, and Watertown Department of
Public Works. The authors also thank the Massachusetts
Water Resources Authority (MWRA) and Metcalf &
Eddy, Inc., for additional geographic information. We
thank Amy Schofield and John Sullivan of BWSC for
permission to reproduce historic photographs. For per-
mission to reproduce other historic materials, we thank
the Boston Athenaeum and the David Rumsey Historical
Map Collection. Phillip Zarriello and Robert Breault
of USGS supplied hydrologic advice and critique.
Matthew Cooke, Bruce Taggart, Wayne Sonntag, Leslie
DeSimone, and Dorothy Tepper of USGS reviewed the

manuscript, and Christine Mendelsohn of USGS pre-
pared the final illustrations and layout. Finally, we thank
William Walsh-Rogalski of the U.S. Environmental
Protection Agency for his editorial comments, coopera-
tion and support throughout the project.

References Cited

Aldrich, H.L. and Lambrechts, J.R., 1986, Back Bay Boston,
Part II—Groundwater levels: Civil Engineering Practice, v.
1, no. 2, p. 31-64.

Boston Water and Sewer Commission, 1997, Stony Brook
sewer system study: prepared by Camp, Dresser, and
McKee, variously paginated.

Breault, R.F., Weiskel, PK., and McCobb, T.D., 1998, Channel
morphology and streambed-sediment quality in the Muddy
River, Boston and Brookline, Massachusetts, October 1997:
U.S. Geological Survey Water-Resources Investigations
Report 98-4027, 1 pl. (1:12,500).



44 Water Resources and the Urban Environment, Lower Charles River Watershed, Massachusetts, 1630-2005

Breault, R.F,, Barlow, L.K., Reisig, K.D., and Parker, G.W.,
2000, Spatial distribution, temporal variability, and
chemistry of the salt wedge in the lower Charles River,
Massachusetts, June 1998 to July 1999: U.S. Geological
Survey Water-Resources Investigations Report 00-4124, 1
pl. (1:12,500).

Breault, R.F,, Reisig, K.R., Barlow, L.K., and Weiskel, PK.,
2000, Distribution and potential for adverse biological
effects of inorganic elements and organic compounds in
bottom sediment, lower Charles River, Massachusetts: U.S.
Geological Survey Water-Resources Investigations Report
00-4180, 70 p.

Breault, R.F., Sorenson, J.R. and Weiskel, PK., 2002,
Streamflow, water quality, and contaminant loads in the
lower Charles River watershed, Massachusetts, 1999—-2000:
U.S. Geological Survey Water-Resources Investigations
Report 02-4137, 139 p.

Bridenbaugh, C., 1971, Cities in the wilderness—The first
century of urban life in America, 1625-1742: London,
Oxford University Press, 242 p.

Charles River Conservancy, 2004, Renewing the Charles River
parklands: accessed February 26, 2004, at http://www.
charlesriverconservancy.org/.

Charles River Watershed Association, 1999, Charles River
watershed integrated monitoring, modeling and manage-
ment project, phase II final report, February, 1999, 151 p.

Charles River Watershed Association, 2004a, History of the
Charles River: accessed February 1, 2004 at http://crwa.org

Charles River Watershed Association, 2004b, Baseline water-
quality monitoring program: accessed February 25, 2004 at
http://crwa.org/index.html

City of Boston, 1878, Sixth annual report of the Board of
Health, May 1, 1878, City Document no. 68, p. 3.

City of Boston/Town of Brookline, 2003, Final environmental
impact report—phase I Muddy River flood control, water
quality, habitat enhancement, and historic preservation proj-
ect, v. 1, Main Report (EOEA #11865): prepared by Camp,
Dresser, and McKee, Inc., variously paginated.

City of Newton, 1929, Drain Atlas (revised 1979): City of
Newton, MA, Department of Public Works, 9 sheets.

Clarke, E.C., 1888, Main Drainage Works of the City of
Boston, 2d edition: Boston, MA, Rockwell and Churchill,
City Printers, 52 p.

Cotton, J.E., and Delaney, D.F., 1975, Ground-water levels on
Boston Peninsula, Massachusetts: U.S. Geological Survey
Hydrologic Investigations Atlas HA-513, 4 pl.

Decema, E.B. and Dincauze, D.F., 1998, The Boston Back
Bay fish weirs: in Hidden dimensions—The cultural signifi-
cance of wetland archaeology, K. Bernick, ed.: Vancouver,
BC, University of British Columbia Press, p. 57-72.

Duffy, J., 1992, The sanitarians—A history of American pub-
lic health: Urbana, IL, University of Illinois Press, 330 p.

Eliot, C.W., and Morgan, K.N., 2000, Charles Eliot, landscape
architect: Amherst, MA, University of Massachusetts Press,
770 p.

Elkind, S.S., 1998, Bay cities and water politics—The battle
for resources in Boston and Oakland: Lawrence, KS,
University Press of Kansas, 288 p.

Freeman, J.R., 1903, Report of the Chief Engineer, in Prichett,
H.S. and others, 1903, Report of the Committee on the
Charles River Dam—Commonwealth of Massachusetts,
Resolves of 1901, Chapter 105: Boston, MA, Wright &
Potter Printing Co., 579 p.

French, J.A., ed., 1986, Boston’s water resource develop-
ment—Past, present, and future: American Society of Civil
Engineers, 51 p.

Goldsmith, R., 1991, Structural and metamorphic history of
eastern Massachusetts: U.S. Geological Survey Professional
Paper 1366-H, p. HI-H63.

Greenberger, S.S., 2003, Some have that sinking feeling:
Boston Globe, July 9, 2003, p. B1.

Haglund, K., 2003, Inventing the Charles River: Cambridge,
MA, MIT Press, 493 p.

Kaye, C.A., 1976, The geology and early history of the Boston
area of Massachusetts, a bicentennial approach: U.S.
Geological Survey Bulletin 1476, 78 p.

Kennedy, L.W., 1994, Planning the city upon a hill—Boston
since 1630: Amherst, MA: University of Massachusetts
Press, 328 p.

Krieger, A., and Cobb, D., with Turner, A., eds., 1999,
Mapping Boston: Cambridge, MA, MIT Press, 278 p.

Ladd, C.C., Young, G.A., Kraemer, S.R. and Burke, D.M.
1999, Engineering properties of Boston Blue Clay from
special testing program, Proceedings: Special geotechni-
cal testing—Central Artery/Tunnel project in Boston,
Massachusetts, GSP 91, GeoCongress ‘98, American
Society of Civil Engineers National Convention, Boston,
Mass., p. 1-24.



Massachusetts Geographic Information System, 2004,
Hydrography Data Layer, 1:25,000 scale (revised October
2004): accessed November 26, 2004, at http://www.state.
ma.us/mgis/hd/htm

Massachusetts Water Resources Authority, 1994, Baseline
water-quality assessment—Master planning and CSO facil-
ity planning document, August, 1994, variously paginated.

Massachusetts Water Resources Authority, 2004a, A history of
the sewer system: accessed January 16, 2004 at http://www.
mwra.state.ma.us/.

Massachusetts Water Resources Authority, 2004b, Boston
Harbor and tributary rivers water quality report: accessed
February 23, 2004 at http://www.mwra.state.ma.us/harbor/
html/bhreport.htm

Massachusetts Water Resources Authority, 2004c, Water
System History: accessed January 16, 2004 at http://www.
mwra.state.ma.us/O4water/html/hist1.htm

Melosi, M. V., 2000, The sanitary city—Urban infrastructure in
America from colonial times to the present: Baltimore, MD,
Johns Hopkins University Press, 600 p.

Muir, D., 2002, Reflections in Bullough’s Pond—Economy
and ecosystem in New England: Hanover, NH, University
Press of New England, 324. p.

National Park Service, 2004a, The Boston Harbor Islands
National Recreation Area, Massachusetts: accessed
November 23, 2004, at http://www.nps.gov/boha/.

National Park Service, 2004b, The Frederick Law Olmsted
National Historic Site, Brookline, Massachusetts: accessed
February 11, 2004, at http://www.nps.gov/frla/.

Nesson, F.L., 1983, Great waters—A history of Boston’s water
supply: Hanover, NH, University Press of New England,
136 p.

Page, T.H., 1776, A plan of the town of Boston and its
environs, with the lines, batteries, and encampments of the
British and American armies, 1776, by Sir Thomas Hyde
Page. Accessed Feb. 9, 2005 from the Library of Congress
online Map Collection, at http://memory.loc.gov/cgi-bin/
query/D?gmd:3:./temp/~ammem_gkOQa::.

Pritchett, H.S., Mansfield, S.M., and Dana, R.H., 1903,
Report of the Committee on the Charles River Dam:
Commonwealth of Massachusetts, Resolves of 1901,
Chapter 105: Boston, MA, Wright & Potter Printing Co,
579 p.

References Cited 45

Randall, A.D., 1996, Mean annual runoff, precipitation, and
evapotranspiration in the glaciated northeastern United
States, 1951-80: U.S. Geological Survey Open-File Report
96-395, 2 pls.

Rawson, M., 2004, The nature of water—Reform and
the antebellum crusade for municipal water in Boston:
Environmental History v. 9, no 3, p. 411-435.

Rosen, P.S., Brennikmeyer, B.M, and Maybury, L.M.,
1993, Holocene evolution of the Boston Inner Harbor,
Massachusetts: Journal of Coastal Research, v. 9, no. 2, p.
363-3717.

Seasholes, N.S., 2003, Gaining ground—A history of land-
making in Boston: Cambridge, MA, MIT Press, 533 p.

Skehan, J.W., 1979, Puddingstone, drumlins, and ancient
volcanoes—A geologic field guide along historic trails of
greater Boston: Dedham, MA, WesStone Press, 63 p.

Skehan, J.W., 2001, Roadside geology of Massachusetts:
Missoula, MT, Mountain Press Publishing Co., 379 p.

Sidney, F.G., 1852, Map of the city and vicinity of Boston,
Massachusetts from original surveys by F.G. Sidney, C.E.:
Boston, Mass., J.B. Shields Publishers: accessed January
16, 2004 at http://www.davidrumsey.com

Smith, J.D., Harrington, J.J., Heiler, B.F., and Radiloff, H.,
1972, Combined sewer overflows to the Charles River
Basin—Report to the Massachusetts Water Resources
Commission, Division of Water Pollution Control, variously
paginated.

Spirn, A.W., 1984, The granite garden—Urban nature and
human design: New York, NY, Basic Books, 334 p.

Tarr, J.A., 1996, The search for the ultimate sink—Urban pol-
lution in historical perspective: Akron, OH, University of
Akron Press, 419 p.

Town of Brookline, 2004, Drainage Areas Map: accessed
February 25, 2004, at http://www.town.brookline.ma.us/gis/
maplib/basmap8x11.pdf

U.S. Army Corps of Engineers, 1968, Interim report on the
Charles River, Massachusetts, for flood control and navi-
gation: Department of the Army, New England Division,
Corps of Engineers, Waltham, MA, variously paginated.

U.S. Environmental Protection Agency, 2004, Charles River
water-quality monitoring: accessed February 23, 2004, at
http://www.epa.gov/NE/lab/charles.html



46 Water Resources and the Urban Environment, Lower Charles River Watershed, Massachusetts, 1630-2005

U.S. Geological Survey, 1890, Boston, Massachusetts, 15-
minute 1:62,500 topographic map, surveyed in 1885-86: 1
sheet.

U.S. Geological Survey, 1987, Boston South, Massachusetts,
1:25,000-scale metric topographic map, 1 sheet.

Whitehill, W.M., 1968, Boston—A topographical history
(2d ed.): Cambridge, MA, the Belknap Press of Harvard
University Press, Cambridge, MA, 299 p.

Zaitzevsky, C., 1982, Frederick Law Olmsted and the Boston
park system: Cambridge, MA, Belknap Press of Harvard
University Press, 262 p.

BFT. JINX OFT. BIN.

Drawings of cross sections of culverted streams,
Boston, about 1910.

Courtesy of Boston Water and Sewer Commission

Zarriello, P.J. and Barlow, L.K., 2002, Measured and simu-
lated runoff to the lower Charles River, Massachusetts,
October 1999-September 2000, U.S. Geological Survey
Water-Resources Investigations Report 02-4129, 89 p.

Zarriello, P.J., Breault, R.F., and Weiskel, P.K., 2003, Potential
effects of structural controls and street sweeping on
stormwater loads to the lower Charles River, Massachusetts:
U.S. Geological Survey Water-Resources Investigations
Report 02-4220, 48 p.

Zen, E-an, Goldsmith, G.R., Ratcliffe, N.L., Robinson,
P, and Stanley, R.S., 1983, Bedrock geologic map of
Massachusetts: U.S. Geological Survey, Monograph series,
3 map sheets, 1:250,000.

FANEUIL VALLEY BROOK OUTLET.
I12ZFT.BINXILFT,






	Introduction
	Purpose and Scope
	Previous Investigations

	Landscape History 
	Bedrock Geology
	Surficial Geology
	Human Alteration of the Landscape
	Filling of Back Bay
	Other Landmaking Projects


	Water Resources
	Surface-Water Resources
	Streams 
	Charles River
	Stony Brook
	Muddy River 
	Laundry Brook
	Faneuil Brook
	Other Streams 

	Ponds, Reservoirs, and Wetlands
	Ground-Water Resources

	Water and the Urban Environment
	Hydrologic Effects of Urbanization
	Factors Controlling Runoff and Recharge 
	Runoff Quality

	Water Supply and Sewage Disposal 
	The Colonial Era
	Public-Water Supply in the Modern Era
	Public Sewage Collection and Disposal in the Modern Era
	The Main Drainage Works 
	The Back Bay Fens Sanitary Improvement
	The 1908 Charles River Dam 
	Recent History


	Summary
	Acknowledgments 
	References Cited 


