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Massachusetts led in the development 
of methods of tunneling during con
struction in 1855 to 1876 of the 

nation's first great railroad tunnel - the 7,647 
meter (25,081 foot) long Hoosac Tunnel in the 
western part of the state. Work on this tunnel 
led to the use of compressed-air rock drills, 
nitroglycerine for blasting, electric ignition in 
blasting, blasting caps, more efficient drilling 
patterns, modern accurate tunnel surveying 
and experiments with tunnel boring machines 
(Brierley, 1976) - all of which lent confidence 
to later tunnel projects around Boston and 
throughout the United States. 

The city of Boston has made very extensive 
use of underground space since colonial days 
when wooden water pipes were laid under-

ground for water supply and drainage. In the 
nineteenth century, pipes for illuminating gas 
were laid and at the close of the 1800s the first 
subway in the United States was constructed. 
Water supply and drainage tunnels have been 
constructed at various times across metropoli
tan Boston since the late 1800s (see Table 7-1). 
Major underground projects have included 
the construction of bedrock tunnels for the 
distribution of water from the Quabbin Reser
voir, sewer interceptors to Deer Island, drain-

tunnels and sewer outfalls. These tunnels 
are chiefly in granite, schist, gneiss and 
quartzite west of the Boston Basin and in con-

. glomerate and argillite and lesser amounts of 
sandstone, arkose, shale, basaltic rock, diabase 
and altered rock within the basin. The geology 
was investigated as part of the careful plan
ning of these tunnels from the first important 
Dorchester Bay Tunnel to the latest North Dor
chester CSO Tunnel. 

Tunneling under Boston has been extensive 
and a brief summary follows to show the 
scope of the work, type of construction and 
geologic materials encountered. More detailed 
information is provided in the references 
given and the many unpublished engineering
geological studies conducted by the major 
geotechnical firms in the area: Haley & 
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TABLE 7-1. 
Major Bedrock Tunnels in the Boston Metropolitan Area 

Lined Approx. 
Date Length Diameter Depth Construction Predominant 

Name Purpose* Constructed (km) (m)" (m) Method Lithology 

Dorchester Bay Tunnel s 1879-1883 1.82 2.9 43 Cut & cover Argillite 
conglomerate 

Stony Brook Conduit s 18805 3.4 5.2x4.7 10-15 Open cut Sand/gravel 
till 

Green Line Subway T 1895-1912 5.7 H-B 6-10 Cut & cover, Clay/till fill 
shield 

Wachusett Aqueduct w 1897-1899 3 3.4x3.6 Drill & blast Granite, dior-
Tunnel ite, gneiss, 

schist 

MWRA West Roxbury s 1899-1902 8.3 3 4.5-15 Cut & cover, Conglomerate, 
shield volcanic, 

sand & grav-
el, till, organ-
ic silt 

Blue Line Harbor T 1900-1903 2.6 6.2x7.0 19.2- Shield, com- Clay 
Crossing 25 pressed air 

Weston Aqueduct w 1903 0.2- 3.7 Drill & blast Granite, 
Tunnels 1.7 quartzite, 

diabase 

Orange Line Subway T 1904-1906 4.5 H-B 3.9 Cut & cover Clay, sand & 
gravel 

Red Line Sub;vay T 1912 4.0 5.8 7.2 Cut & cover Clay, sand & 
gravel 

Red Line Fort Point T 1915-1916 4.1 6.1 18.3- Shield, com- Clay, till, 
Channel 23 pressed air glaciomarine 

Sumner Tunnel V 1920s 2.3 9 10-40 Shield, com- Clay 
pressed air 

Mystic River Cable 0 1941 0.34 2.4 14-16 Shield, com- Clay, till 
Tunnel pressed air 

City Tunnel w 1947-1951 7.7 3.7 70-137 Drill & blast Argillite, 
tillite, sand-
stone, con-
glomerates, 
andesite 

Boston Main Relief s 1950 3.8 3.1 70-80. Shield Clay 
Drainage Sewer 

North Metropolitan s 1950-1956 6.3 3.1 85.5 Drill & blast Argillite 
Relief Tunnel 

City Tunnel Extension w 1951-1956 11.4 3.1 70-122 Drill & blast Conglomerate, 
sandstone, 
argillite 

Main Drainage Tunnel s 1954-1959 11.5 3.1-3.5 89- Drill & blast, Conglomerate, 
92.5 TBM sandstone, 

argillite, shale, 
till 

Malden Tunnel w 1957-1958 1.6 3.8 85.5- Drill & blast Felsite, argillite1 

100 diabase 

Notes: *T = Transit Tunnel, V = Vehicular Tunnel, S = Sewer Tunnel, W = Water Tunnel, 0 = Other 
**H = Horseshoe Tunnel, B = Box Tunnel, C = Circular 
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Geologic 
Face 
Mapping Location 

None Dorchester 
Bay 

West Roxbury 
to Back Bay 

North Station 
to Kenmore 
Square 

Yes Wachusett 
Reservoir to 
Bolton 

West Roxbury 

East Boston 
to Boston 

Yes Framingham 
to Weston 

North Station 
to Roxbury 

Park Street to 
Harvard 
Square 

Boston to 
South Boston 

Boston to 
East Boston 

Mystic River, 
Charlestown 
to Everett 

1:240 Weston 
Reservoir to 
Chestnut Hill 
Reservoir 

Boston to 
Deer Island 

Partially Chelsea 
mapped Creek to 

Deer Island 

1:240 Chestnut Hill 
Reservoir to 
Malden 

1:240 Roxbury to 
Deer Island 

1:240 Malden 

Reference 

Clarke (1888); 
Dodge (1883) 

Woodhouse & 
Barash (1991) 

Aldrich & 
Lambrechts (1986) 

Crosby (1899a) 

MWSB (1902) 

Crosby (1903) 

Crosby (1904) 

Aldrich & 
Lambrechts (1986) 

Bechtel (1978); 
Woodhouse & 
Barash (1991) 

Cohill (1916) 

Woodhouse & 
Barash (1991) 

Bray (1945) 

Tierney (1950b & 
1951);MDC(1950); 
Tierney et al. (1968); 
Billings (1976a); Kaye 
(1979) 

Woodhouse & 
Barash (1991) 

Kaye (1967a); 
Billings (1975) 

Billings & Tierney 
(1961 & 1964); 
MDC (1953) 

Rahm (1959 & 
1962); Ashenden 
(1982) 

MDC(1956a& 
1956b); Billings & 
Rahm (1961 & 1966); 
Billings (1965) 



lined Approx. 
Date Length Diameter Depth Construction Predominant 

Name Purpose* Constructed (Ion) (ml** (ml Method Lithology 

Callahan Tunnel V 1960s 2.3 9 10-40 Shield, com- Clay 
pressed air 

Cosgrove w 1960-1967 12.8 60-90 Granite, 
gneiss, schist 

Dorchester Tunnel w 1969-1974 10.2 3.1 30.5- TBM, drill & Argillite, 
61 blast sandstone, 

conglomer• 
ate, basalts 

MBTA Red Line T 1976-1985 5 5.8 15043 Shield (till), 1111, argillite, 
Extension Northwest cut & cover sandstone, 

diabase 

South Cove T 1979-1987 0.77 4.5 5 Cut & cover, Fill, o,ganic silt, 
shield day,till 

Southwest Corridor T 1981-1985 0.9 6.7 11.6 Cut & cover Fill1 organic 

silt1 day1 
sand, till 

Wellesley Tunnel s 1990 0.48 3.5 10 Drill & blast, Granite, diorM 
TBM ite, dikes,, 

sand & gravel 

Deer Island Outfall T=S 1990-2000 15.2 7.3 128 TBM Argillite, 
dikes, tuff 

Ted Williams Tunnel V 1991-1995 2.6 12 16 Dredged Argillite, 
channel, pre- organics, 
fabricated clay, till 
setions 

Inter-Island Tunnel s 1991-1998 8 4.3 91 TBM Argillite 

Town Brook Tunnel w 1993-1995 1.2 4.4 56 Dril I & blast, Argillite& 
TBM granite 

Metro West w 1996-2003 2.8 4.9 60-137 Drill & blast, Clay, fill, till 
TBM 

Silver Line T 2004 0.1 8.5 12 NATM, cut-
&-cover, SEM 

Braintree-Weymouth s 2004-2008 4.6 3.7 16 TBM Argillite, 
Tunnel dikes1 vol-

canic rock 

North Dorchester Bay s Not com- 3.4 5.2 - Earth balance Metavolcanics, 
pleted machine organics, 

cklay, till 

Notes: *T = Transit Tunnel, V = Vehicular Tunnel, S = Sewer Tunnel, W Water Tunnel, 0 = Other 
**H-= Horseshoe Tunnel, B; Box Tunnel, C Circular 

Geologic 
Face 
Mapping Location Reference 

Boston to Woodhouse & 
East Boston Barmh (1991) 

1:12000 Wachusett Billings (1962); 
1:240 Reservoir to Skehan (1964 & 

Marlboro 1967); Abu-
moustafa (1969) 

1:240 Dorchester Haley &Aldrich 
1:120 (1977); Richardson 

(1977); Woodhouse 
(1974); Aldrich & 
Dugan {1979); 
Dugan (1982); 
Ashenden (1982); 
Billings(1963, 1968 
& 19826) 

Cambridge to Cullen et al. 
Somerville (1982); Wood-

house & Barosh , 
[1991); Hatheway 
& Paris (1979) 

Boston Stacho (1968) 
Chinatown to 
Back Bay 
Station 

Back Bay Aldrich & 
Lambrecht, (1986) 

Dedham Barosh & 
Woodhouse (1990 
& 2001) 

Deer Island Martin (2007) 
to outer har-
bor 

South Boston Kwiatkoswki & 
to Logan Anderson (1997); 
Airport Anderson (2007) 

Martin (2007) 

Quincy Martin (2007) 

Weston to Eskilsson et al. 
Marlboro (1997); Carnevale 

(2007); Carnavale 
& Hagar (2001 ); 
Carnevale et al. 
(2000 & 2001) 

Boston to Boscardin (2005) 
South Boston 

Braintree to Martin (2007) 
Weymouth 

Dorchester MWRA(2011) 
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Aldrich, Inc.; Goldberg-Zaino & Associates 
(GZA); Geotechnical Engineers, Inc. (GEi); 
McPhail Associates; Metcalf & Eddy and oth
ers; and those held by the many state agencies 
and the U.S. Army Corps of Engineers. Much 
of the earlier data in Boston was summarized 
on the maps of Kaye (1980a, 1979 & 1967a), but 
considerably more exists today. 

The water supply and wastewater tunnel
ing in the Boston area falls into three periods: 

• early work prior to World War II for the 
water supply mostly west of the city -
such as the Sudbury River, Wachusett and 
Weston/ aqueducts, which were well 
mapped by Crosby (1899a, 1904) and the 
Quabbin Aqueduct, which was mapped 
by Callaghan (1931) and Winsor (1936), 
and also includes the Wachusett Dam that 
ties into two tunnels; 

• the tunnels in metropolitan Boston in the 
1960s, which were mapped by the Metro
politan District Commission and the stu
dents of M.P. Billings at that time; and, 

• the extensive water and sewer tunnels of 
the 1990s and other projects that were 
mapped by geotechnical firms. 

A Brief History of 
Boston's Water Supply 
Boston faced a much more difficult problem 
than most cities in supplying its citizens with 
water after it outgrew the use of local shallow 
wells. The threat of salt water intrusion, the 
lack of a deep general aquifer and not being 
adjacent to a large river with suitable locations 
for reservoirs made urban water supply a very 
difficult task. The city met the challenge by 
progressively utilizing ponds and reservoir 
sites across the topography to the west and 
connecting them to the city via bedrock tun
nels and aqueducts. Thus, one of the first 
extensive water supply systems in the country 
was built for the city of Boston (see Figures 
7-1 & 7-2). This system is founded on excellent 
engineering geology. 

The city of Boston owes its founding to its 
abundant fresh water springs that led John 
Winthrop and his Puritan followers to aban-:
don their water-poor settlement across the 
Charles River in Charlestown and to accept 
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William Blackstone's invitation to use the 
springs on the Shawmut Peninsula. The dense 
drumlin till that composes most of Charles
town did not provide a good source of fresh 
water, whereas on the Shawmut Peninsula 
water from shallow dug wells produced water 
of good quality under artesian pressure (Kaye, 
1976a). The Town Well was located at what is 
now called Washington Mall and the Town 
Spring was in Spring Lane downhill from 
Washington Street. Wells in the lower part of 
Boston tended to be somewhat brackish since 
they were close to sea level and affected by 
salt-water intrusion. 

The early colonial . wells were first lined 
with slabs of local rock, then by cobbles 
retained by wooden sheathing and finally by . 
loosely mortared brick. Pumps consisting of 
hollow log pipes with a moving wooden pis
ton and flap-valve have been found in the 
deep wells unearthed during recent construc
tion. Thin lift-rods were attached to the valve 
piston and activated by a pump handle at the 
surface. Log pipes were used for the distribu
tion of water until the mid-nineteenth century. 
Woodhouse has excavated several of these old 
wells when encountered in various excava
tions in Boston and donated parts to the 
Bostonian Society, the Old South Meeting 
House, the United States Geological Survey 
(USGS) and the Boston Athenaeum. 

Aqueduct Company (a privately owned 
water company that was organized in 1795) 
brought water downslope from Jamaica Pond 
at elevation 18.6 meters (61 feet) mean sea 
level (MSL) through a 64 kilometer (40 mile) 
long distribution system of hollowed-out log 
pipes (Kaye, 1976a). However, wells contin
ued to be used on the higher elevations such 
as Beacon Hill because of a lack of sufficient 
pressure in the system to reach up the slopes 
of Beacon Hill. In 1848, the city initiated a new 
public supply system that carried water from 
Lake Cochituate, about 24 kilometers (15 
miles) west of the city via the Cochituate 
Aqueduct. A connecting reservoir was built on 
top of Beacon Hill to receive water pumped 
up to it, from which it would flow by gravity 
to all parts of the hill. Water also was brought 
in from the Sudbury River, about 40 kilome
ters (25 miles) west of Boston via the Sudbury 
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BWT - Braintree-Weymouth Tunnel 
CT • City Tunnel 

NDBT • North Dorchester Bay Tunnel 
NMT • North Metropolitan Relief Tunnel 

CTE • City Tunnel Extension 
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SRT • Sudbury River Aqueduct Tunnels lRAINTREE 
TBT • Town Brook Tunnel 

II • Inter-Island Tunnel 
WIT• Wellesley Intercept Tunnel ;') 

1 WRT • West Roxbury Tunnel 1 

MDT • Main Drain Tunnel 
MWWST - Metrowest Tunnel 

WT • Weston Aqueduct Tunnels Oa:::1'-=::2111111!11!1111■·•===6•·•-$ Ml~li 
OT - Outfall Tunnel 

FIGURE 7-1. Map of metropolitan Boston showing locations of bedrock tunnels. (Modified 
map courtesy of the MWRA.) 

Aqueduct (built from 1867 to 1876). Thus 
began a piecemeal westward expansion of the 
water supply. A scheme to expand the supply 
source northwestward in the 1850s by using 
the Middlesex Canal as an aqueduct was not 
carried out. 

In the early 1890s, it was realized that the 
water supply problem could only be solved on 
a regional basis. Thus, the Metropolitan Water 
District was created in 1895 and work began 
on a major expansion. The Wachusett Reser
voir was built 64 kilometers (40 miles) west of 
Boston, mainly in the town of Clinton. It was 
the largest public water supply reservoir in 
the world when completed. Excellent explo
ration studies were done for the dam and the 
tunnel aqueduct leading from it by Crosby 
(1899a). The water quality of the Wachusett 
Reservoir was at one ti:rp.e endangered 
because the Metropolitan District Commission 
(which manages the reservoir) owned only 
eight percent of the watershed and develop
ment within it was taking place at a rate 
unequaled in any other part of the state. A 

watershed protection program was enacted 
later under the Massachusetts Water 
Resources Authority (MWRA). Water was 
conducted from the Wachusett Dam along the 
Wachusett Aqueduct (see Figure 7-2) to the 
Sudbury Reservoir for transport to metropoli
tan Boston. The aqueduct (which was com
pleted in 1903) consists of 3.2 kilometers (2 
miles) of rock tunnel and 11.3 kilometers (7 
miles) of unreinforced concrete sections. An 
c!dditional connection was built from the 
Sudbury Reservoir (see Figure 7-2) to supply 
Boston. This connection was both tunneled 
and excavated by the cut-and-cover method to 
form the Weston Aqueduct, which ended at 
the Weston Reservoir (see Figure 7-2). 

The demand for more water led in 1926 to a 
twenty-year program for the construction of 
the Quabbin Reservoir 104 kilometers (65 
miles) west of Boston (in a valley then occu
pied by six towns) to impound the water of 
the Swift River, a tributary of the Connecticut 
River, by the construction of two earth dams 
referred to as the Winsor Dam and the Good-
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FIGURE 7-2. Map of central and eastern Massachusetts showing aqueduct tunnels and reser
voirs of the MWRA. (Courtesy of the MWRA.) 

nough Dike. In 1946, ,,vhen the reservoir was 
completed and filled, it had a capacity of 412 
billion gallons, and co,·ered a surface area of 
10,000 hectares (39 square miles). Today, it 
provides all, or at least the majority, of the 
water for forty-four cities and towns, thirty
nine of which are located with in the metropol
itan area (and served by the MWRA). 
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A new high-service-pressure aqueduct sys
tem, with additional holding reserToirs, was 
planned in the late 1930s to expedite ,•vater 
delivery to Boston. The 27 kilometer (17 mile) 
long Hultman Aqueduct was built in 1940 
between the Sudbury Reservoir and the 
Norumbega ReserYoir west of Boston. It is a 
cut-and-cover and mound-covered sur face 



pipe that snakes across the countryside. World 
War II stopped further work on the system, 
but after the war a series of bedrock tunnels 
was built toward Boston. These tunnels 
include: the City Tunnel (built from the end of 
the Hultman Aqueduct, in 1951), the City 
Tunnel Extension (built in 1961), the Cosgrove 
Tunnel (built in 1965) and the Dorchester Tun
nel (built in 1978). The deep bedrock Cosgrove 
Tunnel (first called the Wachusett-Marlbor
ough Tunnel) was bored below the Wachusett 

Aqueduct in the 1960s to provide increased 
capacity and redundancy. The Wachusett 
Aqueduct was then taken . out of service in 
1965. 

The sixty-year-old Hultman Aqueduct then 
began to develop leaks in the 1980s as it aged, 
but it could not be repaired without shutting 
down Boston's water supply. By the 1990s, the 
aqueduct was losing 400,000 gallons a day. To 
remedy this problem, a new deep 28.4 kilome
ter (17.6 mile) MetroWest Water Supply Tun-
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nel was built to replace the Hultman Aque
duct, which could then be repaired for redun
dancy (see Figure 7-2). The old Wachusett 
Aqueduct was later rehabilitated with a new 
shotcrete liner in 2001 and 2002 so the 
Cosgrove Tunnel could be cleaned and con
nected with the west end of the MetroWest 
Tunnel. The connection is through the new 
Walnut Hill Water Treatment Plant in Marlbor
ough. 

The chief water sources for metropolitan 
Boston remain the Quabbin Reservoir, the 
Wachusett Reservoir and the Ware River. 
Water is transported to the metropolitan area 
by a series of aqueducts and bedrock tunnels 
that recently have been augmented or reno
vated to now provide redundancy for the 
entire system. The tunnels and aqueducts are 
3.7 to 4.3 meters (12 to 14 feet) in diameter, and 
local distribution tunnels within Boston are 
generally 3 meters (10 feet) in diameter. A 
backup water supply system consists of the 
Norumbega, Weston, Chestnut Hill, Sudbury 
and Spot Pond reservoirs, along with the Fells 
Basin Numbers 1 and 2 and a new covered 
reservoir in the Blue Hills. Note that federal 
law dating back to circa 1980 required that 
concrete-enclosed open-air reservoirs contain
ing untreated water be covered. The U.S. 
Environmental Protection Agency in 1986 
passed regulations that require finished con
crete-enclosed reservoirs to be covered. 
Because the water sources are located in less 
populated areas, the water quality is excellent 
and requires little treatment. However, the 
water is treated with state-of-practice ozone 
and ultraviolet light systems and then the 
water is finally fluorinated. As expected for an 
old system, elevated levels of lead sometimes 
occur in Boston and Cambridge where much 
of the old distribution system consists of lead 
pipes. However, these pipes are being 
replaced by these cities as part of on-going 
modernization programs. 

Bedrock tunnels began to be increasingly 
more important as the water system grew. The 
need to expand Boston's water supply as the 
city grew was met by a network of small reser
voirs connected by shallow surface pipes. 
These pipes lay within or adjacent to the 
Boston Basin where there are no insurmount- · 
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able topographic barriers, but farther west
ward development of water sources crossed 
barriers that needed to be breached by tun
nels. The tapping of the Sudbury River waters 
just west of the Boston Basin by the Sudbury 
River Aqueduct crossed no particular barrier. 
However, the building of the Wachusett 
Reservoir in the late nineteenth century in the 
Nashua River Valley (which lay beyond a rock 
ridge) and a portion of the Wachusett Aque
duct needed to convey the water eastward 
required a rock tunnel (see Figure 7-2). The 
Weston Aqueduct was built to facilitate mov
ing this water closer toward metropolitan 
Boston. The Weston Aqueduct needed only 
short tunnel segments to keep its alignment 
fairly straight. When the Quabbin Reservoir · 
was later constructed in the west-central part 
of the state in the 1930s, the 40 kilometer (25 
mile) long bedrock tunnel of the Quabbin 
Aqueduct was the most practical way of mov
ing its water across several ridges to the 
Wachusett Reservoir (Callaghan, 1931; Winsor, 
1936). 

The development of a high-pressure water 
system for Boston began with the 27 kilometer 
(17 mile) long surface pipe of the Hultman 
Aqueduct in 1939 to connect the end of the 
Wachusett Aqueduct to the west edge of met
ropolitan Boston. This system gradually 
spread eastward over the city through a series 
of deep rock tunnels: City Tunnel, City Tunnel 
Extension and Dorchester Tunnels (see 
Figures 7-1 & 7-2). In addition, the relatively 
shallow Wachusett Aqueduct was replaced by 
the deep rock Cosgrove Tunnel. The system is 
now entirely within deep rock tunnels. 

Sudbury River Aqueduct Tunnels. The Sud
bury River Aqueduct was built in the mid-
1870s to. transport water stored in a series of 
reservoirs on the Sudbury River to Boston's 
water distribution system. It extends nearly 26 
kilometers (16 miles) from the gatehouse at 
Farm Pond in Framingham to the Chestnut 
Hill Reservoir at the west border of Boston. It 
is primarily a cut-and-cover aqueduct not far 
below the surface, but locally it is elevated on 
fill and bridges, and pierces rock hills with 
tunnels. The Echo Bridge over the Charles 
River which is 152 meters (500 feet) long 
and one of the largest stone-arch bridges in the 



A. Badger Hill Tunnel f 

B. Beacon Street Tunnel j 
( 

Route of Sudbury River Aqueduct 

FIGURE 7-3. Map showing the Sudbury River Aqueduct and the location of Badger Hill (A) 
and Beacon Street (B) tunnels. (Modified map courtesy of the MWRA.) 

world - and the Waban Arch Bridge are sig
nificant structures that carried the Sudbury 
River Aqueduct (see Figures 7-3 & 7-4). The 
aqueduct was built between 1876 and 1878 as 
a cement-lined brick pipeline of rectangular 
cross-section, with an arched roof equivalent 
to a round pipe 2.6 meters (8.5 feet) in diame
ter (Johnson, 2004). The Badger Hill Tunnel 
and the Beacon Street Tunnel - which have 
total length of about 1,524 meters (5,000 feet) 
and are in bedrock - would have been dug by 
drill and blast. The aqueduct was noted for 
important water flow studies that were con
ducted soon after it was put in service (Fteley 
& Stearns, 1883). The aqueduct was taken out 
of service in 1978 upon the completion of the 
Dorchester Tunnel and is now maintained for 
backup service, if needed. 

The 610 meter (2,000 foot) long Badger Hill 
Tunnel in South Natick trends northeast 
beneath Badger Hill, now shown as Carver 
Hill, at a roughly 45 meters (150 feet) MSL ele
vation. The hill is composed of mainly Late 

Proterozoic quartzitic rock of the Westboro 
(Plainfield) Formation cut by some Dedham 
Granite (Nelson, 1975a). The bedding strikes 
northeast to north which is roughly parallel to 
the tunnel, and dips 50 to 65 degrees north
west. The southwest portal lies adjacent to the 
northeast-trending, northwest-dipping West
ern Border Fault of the Boston Basin and par
allel breaks would be expected to cut the tun
nel rock. A small drumlin caps the 90.5 meter 
(297 foot) MSL high hill. 

At the Beacon Street Tunnel, the aqueduct 
disappears eastward into rock just north of 
Beacon Street at Grays Cliff Road east of New
ton Center, and reappears from the rock 914 
meters (3,000 feet) beyond at the southwest 
side of the Chestnut Hill Reservoir (see Figure 
7-5). As Crosby wrote in 1880: "the aqueduct 
tunnel, which has a course almost exactly par
allel with the strike of the beds. . . begins on 
the west in conglomerate, but soon passes 
[obliquely downward] into the slate [argillite]; 
which it follows for perhaps one hundred and 
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FIGURE 7-4. Echo Bridge, built from 1875 to 1877 by the Boston 
Water Works, carries the Sudbury River Aqueduct over the 
Charles River at Newton Upper Falls. 

and 1905 (see Figure 7-2). 
The reservoir first filled in 
1908 and at that time the 
pool that had been formed 
was the largest public 
water supply reservoir in 
the world. The dam was 
the largest gravity dam in 
the world as well as the 
largest hand-built and dug 
dam in the world con
structed of granite blocks 
on a bedrock foundation. 
The dam is 294 meters (965 
feet) long and 62.S meters 
(205 feet) high. The capaci
ty of the reservoir is 65 bil
lion gallons and it has a 
flow of 118 million gallons 
per day. Water flows by 
gravity from the dam 
southeastward via the 
Wachusett and Weston 

fifty feet, and then re-enters the conglomerate, 
both transits being entirely abrupt." Crosby 
(1880) called the discontinuities at the contacts 
unconformities, but recognized some strike 
faulting along them to the west. He recorded a 
north dip of 30 to 40 degrees for the strata, 
which strike east-west to east-northeast (Kaye, 
1980a). The western conglomerate-argillite 
contact is at a significant strike fault, which 
has greatly thinned the argillite. The argillite, 
which is apparently the Cambridge Argillite 
and not an interbed, expands both to the west 
and to the east in the Chestnut Hill Reservoir. 
The reservoir was largely carved out of 
Cambridge Argillite and some Roxbury 
Conglomerate during 1866 to 1870 (Shaler, 
1869; Crosby, 1880; Kaye, 1982a). Three miners 
died constructing each tunnel segment 
Qohnson, 2004), but it is not known if this was 
due to a support problems or blasting acci
dents. 

Wachusett Dam. In 1897, the Metropolitan 
Water Board recognized the need for more 
water as Boston developed into a major city 
and therefore it directed the impounding of 
the Nashua River just above Clinton by con
structing the Wachusett Dam behveen 1901 
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aqueduct tunnels (Crosby, 
1899a & 1904) to the Weston Reservoir and 
then by pipeline to the Chestnut Hill and the 
Spot Pond reservoirs. The Wachusett 
Reservoir was later connected to the large 
(._)uabbin Reservoir in the west-central part of 
the state by the 40 kilometer (25 mile) long 
bedrock Quabbin Aqueduct Tunnel as the 
water-supply system expanded (Callaghan, 
1931; Winsor, 1936). Later, the Cosgrove 
Tunnel was constructed to replace the 
Wachusett Aqueduct Tunnel, which was put 
on standby. 

The geologic data from the Wachusett Dam, 
along with the two tunnels, provide a section 
across the Clinton-Newbury Fault Zone and 
the Nashoba Thrust Belt, which form the most 
important structural zone in the eastern 
United States. The dam is constructed across a 
narrow valley formed by a fault block of 
Ordovician metasiltstone and metamudstone 
bounded by Proterozoic granite (Peck, 1975; 
Barash, 1999b). The dam site was extensively 
and thoroughly explored by W.O. Crosby 
(1899a) using some 500 boreholes (see Figure 
7-6). He correctly interpreted boreholes that 
went through bedrock into surficial material 
and back into bedrock as a buried overhang-



ing cliff, which 
was revealed 
when the surficial 
material was 
stripped off. The 
"cliff" is controlled 
by a fault, which is 
a splay off the 
Clinton-Newbury 
Fault Zone that 
runs under the 
dam (Peck, 1975). 
In later testing, 
core from four bor
ings across the 

Fi.g.1. NeaiNewtonCeJ-1:tre 

Chestlmt.. Htll Reservotr ,E .Bruik. 
From Crosby (1899a) 

base of the dam FIGURE 7-5. Sections through Beacon Street Tunnel of the Sudbury 
showed evidence River Aqueduct (top) and east side of the Chestnut Reservoir (bottom) 
of various kinds of. (view north). 
past movement in 
the rock and a significant fault zone along the 
metasedimentary~granitic rock contact. This 
fault apparently moved during the Mesozoic, 
but there is no obvious indication that the 
Pleistocene outwash northeast of the dam is 
disturbed by the fault (Barash, 1983b). Crosby 
(1899a) also mapped many steeply northwest
dipping faults in the Nashoba Thrust Belt just 
southeast of the dam in the 3.2 kilometer (2 
mile) long bedrock Wachusett Aqueduct 
Tunnel. In 1907, during the first filling with 
water, a liquefaction flow fracture occurred in 
the upstream slope of the North Dike. Fine 
sand flowed 100 meters (328 feet) into the 
reservoir (Olson et al., 20Q0). The potential for 
liquefaction was assessed by the U.S. Army 
Corps of Engineers in the early 1970s and the 
MWRA did not find that liquefaction potential 
exists for the local seismic design conditions. 

Wachusett Aqueduct Tunnel. The 14.5 kilome
ter (9 'mile) long Wachusett Aqueduct was 
built between 1897 and 1905 as the western 
part of a system to convey water from the 
Wachusett Reservoir to Boston. It lies near 91 
meters (300 feet) elevation MSL and extends 
from the reservoir to a treatment plant at 
Walnut Hill in Marlborough (see Figure 7-7). 
The aqueduct consists of a rock tunnel, shal
low cuts and even elevated portions crossing 
streams. The 3 kilometer (2 mile) bedrock por
tion carries water from the reservoir south
eastward beneath the adjacent ridge that 

forms the border of the Nashua River Valley. 
The drill-and-blast tunnel has a minimum 
brick-lined height and width of 3.4 meters (11 
feet) and 3.6 meters (12 feet), respectively, and 
included four shafts in its construction. The 
tunnel was dug between 1897 and 1899, and 
apparently was not greatly delayed by the 
faults and water inflows that were encoun
tered. 

The rock tunnel crosses a variety of faulted 
rock mapped by Crosby (1899a) from the 
edge of the Nashua Trough through the 

· Clinton-Newbury Fault Zone and the north
western part ~f the Nashoba Thrust Belt (see 
Figure 7-7). He mapped the faults, shear 
zones and dikes, as wen as the lithology 
across this complex structural zone in some 
detail. His units can now be dated (Peck, 
1976; Barosh 1977a & 2009). The northwest
ern end consists of slickensided phyllite and 
argillite of the Ordovician Worcester Group 
faulted against Proterozoic foliated por
phyritic granite and minor Late Ordovician 
non-foliated granite, which in turn is faulted 
against an altered diorite stock., The eastern 
half of the tunnel passes through schist and 
gneiss of the Late Proterozoic Tadmuk Brook 
Schist and the Nashoba Formation with some 
Proterozoic muscovite granite, as well as 
pegmatite and dike rock. Most of the beds 
and the many faults strike northeast and dip 
moderately to steeply northwest, but a cen-
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FIGURE 7-6. Surficial geologic section across the Nashua River Valley 24 meters (80 feet) 
I 

south of the site of the Wachusett Dam, in Clinton, Massachusetts (view southwest). The 
overhanging buried bedrock cliff on the right side is due to erosion along the northwest-dip
ping Late Ordovician fault. 

tral 1,220 meter (4,000 foot) long section is 
bent to a northwest strike with a steep north
east dip where it wraps around a faulted con
tact with the muscovite granite (Crosby, 
1899a). Many of the faults encountered are 
water-bearing and the section beneath Clam 
Shell Pond is described as extremely wet. 
These sections, as well as other particularly 
faulted sections, of the tunnel were lined 
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with brick masonry, including the entire sec
tion between Shafts 3 and 4. Crosby attrib
uted the disintegration and kaolinization of 
the granite in these sections as due to the pas
sage of water. 

Weston Aqueduct Tunnels . Construction of 
the nearly 22.6 kilometer (14 mile) long 
Weston Aqueduct commenced in 1901 and it 
first carried water in December 1903. It 



FIGURE 7-7. Simplified section of a portion of the Wachusett Aqueduct Tunnel showing gen

eral lithology (view northeast). 

extends from the Sudbury Dam through the 

Weston Reservoir to the Terminal Chamber 
just west of the Charles River in Weston. Most 

of the aqueduct is in surficial material and it is 
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FIGURE 7-8. Map of the Weston Aqueduct Tunnel showing locations of the five tunnel seg
ments. 

partially a surface canal, but it includes five 
shallow tunnel sections where it pierces rock
cored drumlins (see Figure 7-8). These drum
lins range from 183 to 1,734 meters (600 to 
5,686 feet) in length and aggregate 3,709 
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meters (12,165 feet) and were drill-and-blast 
tunnels. They were mapped in some detail 
and described by W. 0. Crosby (1904) and 
Warren (1904), who also described the miner
alogy (MWSB, 1902). Three tunnels are near 



FIGURE 7-9. Section across the North Boundary Fault approximately 488 meters (1,600 feet) 
northwest of Shaft No. 5 at the west end of the City Tunnel. 

the western end of the aqueduct and the other 
· two on either side of the Weston Reservoir (see 
Figure 7-8). The 3 meter (10 foot) wide tunnels 
were lined with concrete masonry. 

The first tunnel, a short distance east of the 
Sudbury Dam, passes through drumlin till 
that contains contorted stratified clay in its 
western end. This condition indicates a . re
advance that thrust and contorted the clay 
(Crosby, 1904). The other tunnels skirt the 
northern, moderately north-dipping border 
zone of the Northbridge Granite and, at the 
east end, Dedham Granodiorite and intersect 
foliated granitic rock and related aplite along 
with pendants of quartzite and some mica 
schist of the Westboro (Plainfield) Formation. 
A younger diorite intrudes east of the Weston 
Reservoir (Crosby, 1904; Barosh, 2005). The 
tunnels also cross varying amounts of two sets 
of diabase dikes, which were up to 4.5 meters 
(15 feet) or more in thickness. An older dike 
set is east'...west to northeast striking, north
dipping, about parallel to the foliation and 
consists of both hornblende and biotite vari
eties, which are ~ometimes altered to green
stone (Warren, 1904). A younger north-south, 
near-vertical dike set is much fresher and 
commonly displays columnar jointing. How
ever, some dikes of the later set were kaolin
ized in the western tunnels. The main granite 
body is generally pink, but some deeper parts 
are gray, indicating that the color is due to 
later alteration, which apparently affected the 
east-west basic dikes as well. 

The other two western tunnels farther east 
of the dam cross the Northbridge Granite and 
basic dikes. The tunnels to either side of the 
Weston Reservoir (along with the rock former-

ly exposed on the reservoir floor and adjacent 
to the eastern end of the aqueduct) display a 
long section of the granite border zone with 
scattered remnants of quartzite and intrusions 
of diorite and a few pegmatite dikes. Fewer 
basic dikes are present to the east where only 
rare north-south dikes occur. Some faults are 
noted near the east end, and slickensides are 
noted on the sides of various dike and quartz 
veins. 

City Tunnel. The City Tunnel extends 7,701 
meters (25,260 feet) from a connection with the 
Hultman Aqueduct on the west side of the 
Charles River in Weston eastward to the 
Chestnut Hill Reservoir in Boston (see Figures 
7-1 & 7-2). A branch tunnel extends a further 
1,043 meters (3,422.. feet) southeasterly from 
the east end of the City Tunnel to the Chestnut 
Hill Pumping Station. The tunnel slopes 
upward from elevation -97 meters (-318 feet) 
MSL at the Charles River end to elevation -32 
meters (-106 feet) MSL at Chestnut Hill. It was 
constructed by drill and blast, and completed 
in 1951 with an inside lined diameter of 3.7 
meters (12 feet) for the main tunnel and 3 
meters (10 feet) for the branch line. The tunnel 
extends eastward from the western border 
fault zone of the Boston Basin and traverses 
fault blocks of Cambridge Argillite and 
Roxbury Conglomerate (see Figures 7-9 & 7-
10), which include a thick section of the 
Brighton Basalt (Melaphyre) (Tierney, 1950a & 
1950b; Nelson, 1975a; Kaye, 1982a). These 
blocks are cut by numerous steep dikes of dia
base, felsite and basalt to andesite that occur 
chiefly near fault zones and mostly strike to 
the northeast. The western half of the tunnel 
east of fhe Cambridge Argillite is in Late 
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Proterozoic rock composed of interbedded 
units 'of conglomerate, arkosic sandstone, 
sandstone, argillite and some tuff, along with 
a thick unit of basalt. The basalt appears to be 
mainly extrusive flows, encapsulating one 
flow of felsite, and is capped by tuff. However, 
some later bodies have intrusive characteris
tics. This section strikes northeast and has 
shallow to moderate. northwest dips. The rest 
of the tunnel, except for the east end, was 
excavated through conglomerate that appears 
to strike east-west and dip moderately to the 
north. The east end and southeast extension to 
the pumping station are predominantly in 
moderately north-dipping Cambridge Argil
lite, which· is apparently the west end of an 
overridden fault block that widens to the east 
(Kaye, 1980a). 

Seventy-four large faults were mapped in 
the two tunnels (Tierney et al., 1968). These 
faults fall into three strike trends. More than 
half strike to the northeast, but almost as 
many strike to the north, and several strike to 
the northwest. The majority have steep to very 
steep dips. Twenty-nine of the faults have 
gouge or brecda zones or both, which range in 
thickness from a smear to 3.4 meters (11 feet), 
and composite zones to 15 meters (50 feet) in 
width, but average 1 meter (3 feet) (Tierney, 
1950a & 1950b; Billings, 1967). Along sixteen 
faults, the fault-trace separation ranges from 
several centimeters to 3 meters (few inches to 
10 feet), averaging 1 meter (3 feet). Along six 
faults, it exceeded 3.7 meters (12 feet), the 
height of the tunnel. Along fifty-two faults, a 
precise determination was not possible, but in 
thirty-six cases the fault-trace separation was 
certainly only several centimeters to a meter 
or less (few inches or feet). Breccia and gouge 
along sixteen of the fifty-two faults suggest 
the possibility of greater movement. The 
majority of the faults show strike-slip offset 
with gouge zones; whereas many of the others 
are normal, cleanly sheared faults. The faults 
are expressed in the surface topography, 
despite the surficial cover, and evidence for 
several faults is found above the tunnel 
(Tierney, 1950a). A cluster of faults cut the east 
end of the tunnel near the Chestnut Hill 
Reservoir (Tierney, 1950ft & 1950b ). These 
faults consist of very steep north-trending 

faults and near-vertical northeast-trending 
faults. A group of large faults form the west
ern border zone of the Boston Basin against 
the Dedham Granodiorite in Weston. These 
faults strike about N25° to 35°E and dip 
roughly 50°W, but one within the granodiorite 
dips only 10° to 15°W. Most reach the surface 
beneath the Charles River Valley (Meade & 
Pearsall, 1936; Tierney, 1950a). The adjacent 
argillite is broken into a series of fault blocks 
and the underlying conglomerate shows 
numerous horizontal faults (Tierney, 1950a). 
The border zone also was penetrated by the 
Metro West Tunnel. 

No ground support was needed in the 
approximately 2,134 meters (7,000 feet) of 
andesite found, nor in the approximately 457 
meters (1,500 feet) of sandstone exposed in the 
western part of the City Tunnel (Tierney, 1950a 
& 1950b; Tierney et al., 1968; Kaye, 1979). Only 
4.8 meters (16 feet), or 0.05 percent of the 
entire tunnel, is supported by structural steel, 
which is placed at a fault zone in the argillite 
at the east end of the tunnel and no rock bolts 
were employed (Tierney, 1950a & 1950b; 
Billings, 1967). 

City Tunnel Extension. The 11,436 meter 
(37,511 foot) long City Tunnel Extension 
extends from the City Tunnel at Chestnut Hill 
Reservoir northeastward to the town of 
Malden (see Figure 7-11). It slopes downhill 
from elevation -32 meters (-106 feet) MSL at 
Chestnut Hill to elevation -116 meters (-381 
feet) MSL at Shaft 8 near the Charles River and 
thence to -121 meters (-396 feet) MSL at Shaft, 
9 at the Mystic River and from there upward 
to elevation -111 meters (-364 feet) MSL at its 
northeast end. The tunnel was q.ug by drill 
and blast to a 4 meter (13.5 foot) diameter and 
lined with concrete to a 3 meter (10 foot) diam
eter. It was constructed over six years from 
September 1951 to March 1956 and put into 
service in 1961. 

The City Tunnel Extension passes 
through two different stratigraphic 
sequences (MDC, 1953; Billings & Tierney, 
1961 & 1964). It crosses interbedded con
glomerate, sandstone, argillite and tuff of 
the Roxbury Conglomerate, which is cut by 
dikes and bodies of the Brighton Basalt 
(Melaphyre) southwest of the Charles River 
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FIGURE 7-11. Map showing the location and shafts of City Tunnel Extension and hypothet
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(see Figure 7-12). The beds strike east to 
northeast and dip gently to the northwest, 
mostly 5 to 20 degrees, but steepen to 40 
degrees at the northwest end. Northeast of 
the river is a thick sequence of the Cam
bridge Argillite with some interbeds of 
sandstone and tuff, a sequence that is seen 
to continue northward to the Northern 
Border Fault in the Malden Tunnel. The 
southwestern portion generally has an east
west strike, but this strike varies from north
west to northeast. Both parts have variable 
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moderate dips to the south, but with many 
contorted intervals. Both sequences are cut 
by numerous altered and unaltered diabase 
dikes. Billings and Tierney (1964) proposed 
that the two sequences were equivalent, 
having undergone abrupt fades changes, 
and that a synclinal axis along the Charles 
River separates them (see Figures 3-56 & 
7-11). However, the abrupt differences in the 
diagram portraying this change (along with 
the difference in thicknesses) demonstrates 
that the sequences are entirely different and 
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that they are separated by a large fault along 
the river, the Charles River Fault. 

A total of 220 faults, including those called 
shears, were measured (Billings & Tierney 
(1961 & 1964), but this number did not include 
the faults followed by the 298 dikes and sills. 
Other faults probably lie within what. is 
mapped as shale. South of the Charles River 
Fault, the most common orientations are 
N45°W, with an average dip of 60 degrees 
northeast, and N25°E, with steep dips to the · 
southeast or northwest. North of the Charles 
River Fault, the faults are concentrated into 
four groups: 

• N40°E strike and dipping 50 to 90 degrees 
northwest; 

• N60°W strike and dipping moderately to 
steeply either northeast or southwest; 

• Nl0°E strike and dipping steeply south
east; and, 

• N60°E through east to N45°W strike and 
dipping steeply both north and south. 

The last group is shown mainly by dikes, 
which generally follow faults. An attitude of 
N45°W with a 60 degree dip to the northeast 
also is a common dike trend. The faults range 
in observed length from 1 meter or so (approx
imately 3 feet) to a maximum of 82 meters (271 
feet) and the actual lengths are always greater 
(Billings, 1967). Most of the faults are sharp, 
tight fractures several centimeters (few inches) 
or less in width; only a dozen exceed 30 cen
timeters (1 foot) in width and the maximum 
width of shearing is 1 meter (3 feet). In at least 
eight instances, several faults were close 
enough to form fault zones from 1.5 to 59 
meters (5 to 194 feet) wide. Twenty-one of the 
faults contained gouge or brecda or both that 
ranged in thickness from a smear to 1 meter (3 
feet). Of the 220 faults, 114 were characterized 
by finely sheared, foliated-looking (slaty) rock 
several centimeters to 30 centimeters (few 
inches to a foot) thick (Billings, 1967). The 
apparent fault offset measured on the tunnel 
walls along 84 percent of the fault traces 
showed separation of only a meter or so (few 
feet). The other 16 percent exceeded 3.7 meters 
(12 feet), the height of the tunnel. Slickensides, 
whi.ch were recorded along fifty faults, show 
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oblique offset with an average dip on the fault 
face of about 45 degrees. 

The Roxbury Conglomerate is shown to be 
offset primarily by normal faults, which strike 
both east-west and northwest and chiefly dip 
to the north. Where offset was measured by 
Billings and Tierney {1964), the great majority 
of all the faults were normal, and the east-west 
trending diabase dikes in both sequences 
appear to be following normal fault~ as well. 
These faults drop off in number to the north 
where the relatively few reverse faults become 
noticeable. A few of the faults in the north
eastern part of the argillite are north-dipping 
thrusts, related to the Northern Boundary 
Fault, and have associated drag folds. Some 
other contortions in the argillite are probably 
related to this movement, with or without 
faults, and others are apparently drag folds 
against other types of faults, but a few would 
be large slumps as seen in other tunnels. The 
greatest concentration of axes of these small 
folds plunge 8°N87°E parallel to the basin 
faults. The major east-west trending fault 
along the Charles River would be a normal 
fault that dropped the Cambridge Argillite 
down to the north. This movement would 
have rotated the argillite to dip southward 
into the conglomerate. 

Structural steel support with very few rock 
bolts was used along 634 linear meters (2,103 
feet), which is 5.6 percent of the tunnel. 
Seventy-six percent of this support was neces
sitated by the presence of weak shale and 
argillite, or by badly fractured dike rock. 
Twenty-four percent - equal to 152 meters 
(498 feet) of this support was related to.· 
faults and of this amount 29 meters (94 feet) of 
reinforcement was necessitated by faults strik
ing across· the tunnel and dipping 25 degrees 
north-northeast along with closely spaced 
joints. Support in 123 meters (404 feet) was 
necessitated mainly by steep shear planes 
striking nearly parallel to the tunnel, and by a 
few dikes. However, there are many faults, 
including some striking parallel to the tunnel 
alignment, that did not necessitate support. 
Only twelve of the recorded 220 faults were 
present in areas that needed support. The shale 
units required structural steel as did two short 
sections of sandstone where Billings and 
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Tierney (1964) noted that "excessive splitting 
parallel to the bedding or to closely spaced 
joints" were present. A buff-colored sideritic 
tuff bed found interbedded with the shale is 

\ 

largely altered to kaolinite and also forms a 
weak unit. Only 17 meters (56 feet) in the 
Roxbury Conglomerate and its associated 
dikes needed support. 

Dorchester Tunnel. The Dorchester Tunnel, 
which is part of the high-pressure 1,379 kilo
newton per square meter (200 pounds per 
square inch) water supply to the southern 
greater Boston area, was constructed between 
1968 and 1974. It extends southeastward about 
10.5 kilometers (6.5 miles) from the Chestnut 
Hill Reservoir, where it connects with the City 
Tunnel supply, to Dorchester Lower Mills on 
the Neponset River estuary (see Figure 7-1). 
The tunnel slopes from approximately eleva
tion -30 meters (-100 feet) MSL at Shaft 7B in 
Chestnut Hill to elevation -64 meters (-210, 
feet) MSL at Shaft 7D in Dorchester. The tun
nel is circular in cross-section, and is lined 
with 0.3 meters (1 foot) or more of unrein
forced concrete to provide a 3 meter (10 foot) 
finished internal diameter. The tunnel was 
excavated entirely in bedrock by traditional 
drill-and-blast methods except in the section 

extending about 2,110 meters (4,000 feet) from 
near Shaft 7C where an Alkirk tunnel boring 
machine (TBM) was used (Ashenden, 1982). 
The TBM was activated in argillite about 91 
meters (300 feet) southeast of the shaft, but 
when the TBM crossed the Squantum Head' 
Fault and passed into the Mattapan volcanic 
rock, it was unable to excavate the rock satis
factorily, and was removed from the tunnel. 
Traditional drill-and-blast excavation was 
then used to complete the tunnel to the shaft 
at Dorchester Lower Mills (Ashenden, 1982). 

A short section of the tunnel was first 
mapped near Shaft 7 A by Billings (1968), who 
showed lithology but little structure. Mapping 
was then completed by Richardson (1977). The 
tunnel is mostly in conglomerate, pebbly 
mudstone and argillite of the Boston Basin 
(see Figure 7-13). In addition, the tunnel pass
es through the Mattapan Volcanic Complex 
just southeast of the Squantum Head Fault of 
Laforge (1932), which Billings (1976a) called 
the Mount Hope Fault. The Dorchester Tunnel 
pierces the entire width of the origin<1-l Rox
bury Conglomerate outcrop line from Brook
line, through Jamaica Plain, to Roxbury. About 
thirteen percent of the 6,310 meters (20,700 
feet) of conglomerate traversed by the 
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FIGURE 7-14; Section across the Dorchester 
Tunnel showing fractures along the spring 
line through which water escaped. 

Dorchester Tunnel required steel support 
because of soft-rock alteration, which seems to 
be concentrated along a very wide fault zone 
(Ashenden, 1982; Richardson, 1977). About 
884 meters (2,900 feet) of volcanic rock was 
pierced by the tunnel, of which 46 meters (150 
feet) required steel supports necessitated by 
localized jointing. Closely-spaced joints, faults 
and the effects of a thick diabase dike and 
interbedded argillite are responsible for 
another two percent of supported rock. 

Shortly after the tunnel was placed in serv
ice in November 1974, the basements of some 
homes in the overlying area became flooded. 
Tests performed by the Metropolitan District 
Commission (MDC) subsequently confirmed 
that the flooding was the result of hydraulic 
water pressure stemming from the Dorchester 
Tunnel. Inspection of the dewatered tunnel 
(Woodhouse, 1974) indicated that the lining 
was significantly cracked along the spring 
line, with major water flow occurring at two 
highly fractured locations between Stations 
510 and 523 (see Figure 7-14). MDC engineers 
and the MDC's consultant, Haley & Aldrich, 
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Inc., generally agreed that the internal water 
pressure in the tunnel was transmitted 
through the liner and caused compression of 
joints in the surrounding Cambridge Argillite 
(Dugan, 1982). 

Following the investigations, plans and 
specifications were prepared for pressure 
grouting to r~pair the cracked lining from 
within the tunnel. Neat Type III Portland 
cement grout was used, with a maximum 
injection pressure of 2,758 kilonewtons per 
square meter (400 pounds per square inch). 
After grouting the primary stage holes, sec
ondary stage grouting was undertaken at split 
spacing. Results of water pressure tests, grout 
take measured and subsequent core borings 
were used to evaluate the effectiveness of the 
grouting (Dugan, 1982). After the grouting 
was completed, a test section of the tunnel lin
ing was instrumented in order to measure the 
behavior of the tunnel and adjacent argillite 
during repressurization. Instrumentation 
included diametric convergence meters, strain 
gauges, extensometers and piezometers. Over 
a period of six weeks, the tunnel was water 
tested under service pressures. In addition to 
the instrumentation readings, observation 
well measurements were made to observe the 
effect of water flow from the tunnel on 
groundwater levels in the area before the tun
nel was drained, inspected and placed back 
into service. There have not been any subse
quent reports of wet basements. 

Cosgrove Tunnel. The Cosgrove Tunnel, also 
called the Cosgrove Aqueduct or Wachusett
Marlborough Tunnel, replaced the Wachusett 
Aqueduct when it came on line in 1965. It runs 
southeast 12,806 meters (42,004 feet) parallel 
to and deeper than the Wachusett Aqueduct to 
connect the Wachusett Reservoir to the Walnut 
Hill Water Treatment Plant in Marlboro, where 
it is now connected to the west end of the 
Metro West Turmel (see Figure 7-2). It descends 
and rises through shafts at either end and has 
one intermediate work shaft. The tunnel 
slopes upward from about elevation 9 meters 
(30 feet) MSL at the reservoir to elevation 18 
meters (60 feet) MSL in Marlboro. It is the 
main conduit used to deliver water from the 
Wachusett Reservoir and has a capacity of 600 
million gallons per day. 
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FIGURE 7-15. West end of the Cosgrove Tunnel adjacent to the Clinton-Newbury Fault Zone 
(view southwest). 

The Cosgrove Tunnel crosses most of the 
Nashoba Thrust Belt. The northwestern portion 
of the tunnel crosses nearly the same lithologies 
and structure as the Wachusett Aqueduct 
Tunnel. These lithologies are the Late Protero
zoic porphyritic Ayer Granite and muscovitic 
Chelmsford Granite, Late Ordovician medium
grained granite and coarse-grained Andover 
Granite, diorite, various other granite and dike 
rock, Tadmuk Brook Schist, gneiss and schist of 
the Nashoba Formation, and gneiss and amphi
bolite of the Marlboro Formation . (Crosby, 
1899a; Billings, 1962; Bell & Alvord, 1976; Abu
moustafa, 1969; Skehan~ 1964 & 1967; Skehan & 
Abu-moustafa, 1976; Peck, 1976; Barash, 1978a 
& 1978b). 

Billings (1962) reviewed the results of 
exploratory borings along the proposed tun
nel alignment and depicted northwest dip
ping rock units at 1:12,000 scale, but no faults. 
He only noted that numerous small faults and 
shears are present, despite Crosby's (1899a) 
mapping of large faults in the adjacent 
Wachusett Tunnel (see Figure 7-15). Skehan 
(1964 & 1967), Abu-moustafa (1969) and oth
ers added much more stratigraphic and struc
tural detail with data gathered during the con
struction while under the general guidance of 

L.R. Page of the USGS. This mapping record
ed great numbers of generally small steeply 
northwest-dipping faults striking northeast 
about parallel to that of the strata. 

In addition, there are many large faults that 
are summarized below from Skehan and Abu
moustafa (1976). Several intensely deformed 
and fractured thrust and reverse fault zones 
are present. The Clinton7Newbury Fault Zone, 
which strikes N40°E and dips 35°NW, is the 
largest and several other major, more steeply 
dipping zones stand out. Many have associat
ed drag folds. Many later normal faults also 
are present. These faults trend chiefly to the 
northeast and dip steeply in either direction, 
but several dip moderately to the northwest. 
A set of northwest-trending steeply dipping 
faults spaced a few hundred meters (several 
hundred feet) apart form the youngest faults, 
perhaps late Mesozoic in age (Barash, 1990a). 
Several are known to have left-lateral offset. 
These extensional faults typically contain 
quartz, calcite, some barite and sulfide miner
als as veins. 

MetroWest Tunnel. The 28.2 kilometer (17.6 
mile) MetroWest Water Supply Tunnel was 
constructed from Marlborough to Weston 
through mostly Late Proterozoic crystalline 
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FIGURE 7-16. Metro West water system. (Courtesy of the MWRA.) 

rock to replace the aging and leaking Weston 
and Hultman aqueducts (see Figures 7-2, 7-16 
& 7-17). This tunnel was the principal part of 
an estimated $665 million project that also 
included a .renovation of the Fayville Dam, 
which holds the Sudbury Reservoir. 
Exploration for the tunnel included seismic 
refraction, very low frequency (VLF), down
hole geophysics, surface mapping and forty
three borings 213 meters (700 feet) or more 
deep (Carnevale & Hager, 2001). Conventional 
drill-and-blast methods were used for the six 
shafts, and three TBMs bored the 4.9 meter (16 
foot) diameter tunnel, which was then lined 
with concrete before being put into service. 
The tunnel depths reached are on the order of 
61 to 137 meters (200 to 450 feet). Ground was 
broken in 1996, tunnel excavation was com
pleted in October 2000 and water was turned 
on in November 2004. 

The tunnel extends westward from the west
ern edge of the Boston Basin fill across the 
batholithic granite and xenoliths and into 
metasedimentary rock and granite of the 
Nashoba Terrane. The easternmost section 
includes five major rock types in fault contact 
consisting of laminated sandstone, siltstone and 
shale of the Cambridge Argillite (see Figure 
3-61). The beds have a northeast strike and dip 
northwest and locally show gentle open folds 
plunging northwest. To the west, across the 
Boston Bash1. Fault, is the foliated Dedham 
Granodiorite (see Figure 7-17) with gently dip
ping shears, foliation and large tabular bodies of 
mafic intrusive rock apparently associated with 
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the Salem Gabbro-diorite. Farther west are 
xenoliths and large blocks of the Westboro 
(Plainfield) Formation characterized by intense
ly sheared laminated quartzite and quartz schist 
and still farther west are some remnants of the 
overlying Middlesex Fells Volcanic Complex 
(Bell & Alvord, 1976) that had been called the 
Cherry Brook by Nelson (1974). 

From Framingham to Marlborough, the 
predominant batholithic rock is the North
bridge Granite (mistakenly called Milford 
Granite by Nelson [1975a & 1975b; Barosh, 
2005]), a slightly porphyritic foliated quartz 
monzonite with assimilated quartzite. and 
chlorite schist of the Westboro, as well as 
patches of probable Middlesex Fells. The gran
ite varies from coarse- to fine-grained and has 
an aplitic border preserved ih places. Its com
position changes locally depending on the 
degree of assimilation of the intruded strata. 
At the western edge is an intrusive complex of 
granite and granodiorite, with chlorite schist 
inclusions and altered mafic rock. 

The tunnel crosses a broad complex contact 
zone of the batholithic granite with the coun
try rock to the northwest that has been repeat
edly faulted from the Late Proterozoic to the 
late Mesozoic. The foliation of the granite and 
lamination and bedding of the strata have a 
northwest to north dip and have been fol
lowed by intense shearing and local myloniti
zation along paralleling faults, which locally
have reactivated later to produce minor 
amounts of gouge and breccia (Barosh, 2005). 
Branches of the northeast-trending, steeply 
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M = Marlboro quadrangle (Barosh, 1978) 
F = Framingham quadrangle (Nelson, 
1975b) 

Northbridge Granite & aplite & diabase 
dikes 

9 = felsite of Mattapan Volcanic 
Complex(?) 

Na= Natick quadrangle (Nelson, 1975a) 
Ne = Newton quadrangle (Kaye, 1980) 
1 = gneiss of the Marlboro Formation 

5 = Northbridge Granite & aplite, 
quartzite & quartz schist of the Plainfield 
(Westboro) Formation, Salem Gabbro
diorite & diabase dikes 

10 = Cambridge Argillite; 
a= West Branch of the Bloody Bluff 
Fault 
b = East Branch of the Bloody Bluff Fault 
c = Weston Fault 2 = mixture of Ordovician (?) granodior

ite & Ordovician Salem Gabbro-diorite 
west of East Branch of the Bloody Bluff 
Fault & quartzite & quartz schist of 
Plainfield (Westboro) Formation & 
Northbridge Granite & aplite, east of the 
East Branch 

6 = amygdaloidal lava, volcaniclastic 
sandstone, crystal tuff & hornblende 
schist of the Middlesex Fells Volcanic 
Complex 

d = North Boundary Fault of the Boston 
Basin 

Symbols 

3 = Northbridge Granite & aplite 

7 = quartzite & schist of the Plainfield 
(Westboro} Formation, gneiss & quartzite 
of the Rice Gneiss below, Salem Gabbro
diorite & diabase dikes 

Plain line fault 
Line with box prominent joint set 
Wavy line = shear zone 
Long faint line major fault 

4 = quartzite & quartz schist of the 
Plainfield (Westboro) Formation & minor 

8 = Dedham Granodiorite, & diabase 
dikes Modified from Carnevale et al. (2001) 

FIGURE 7-17. Generalized geology along the Metro West Tunnel. 

northwest-dipping Bloody Bluff Fault Zone 
(as well as other faults and shears) are high 
angle and dip to the southeast and cut the rock 
along with many relatively small north and 
northwest-trending faults. A set of significant 
east-west trending faults extend from the 
Boston Basin across the area (Barash, 1977a). 

West of the main Bloody Bluff Fault Zone 
(Barash, 1984b) are granites with northwest
trending regional foliation -and nonfoliated 
ones. These rocks are most likely the Assabet 
Quartz Diorite and Andover Granite, respec
tively, but other granite bodies might be repre
sented as well as remnants of the Nashoba 
Formation. The rock has little evidence of fold~ 
ing and is highly fractured with relatively nar
row fault-defined zones of several sets having 
been mapped both in the tunnel and on the 
surface (Carnevale & Barash, 2001). Zones of 

water inflow and weak rock that is several feet 
to a few hundred feet wide are associated with 
faults and shear zones, especially at their 
intersections, and with adjacent hydrother
mally altered rock. These zones also may 
cause local unstable areas. Relatively few 
exploration borings were made for the tunnel; 
and the tunnel alignment fortunately missed 
one of the major east-west trending faults in 
the area that run nearly parallel to the tunnel 
alignment and could have caused serious 
problems. A special system was set up to man
age the data recorded in detailed mapping of 
the complex geology encountered (Carnevale 
et al., 2001). 

Sewage Removal, 
Disposal & Treatment 
The environmental problems created from 
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FIGURE 7-18. Deer Island showing location of drumlins and 
shaft for the Inter-Island Tunnel. 

·The. wastewater man
agement in the greater 
Boston area' is not unlike 
that of other communities 
of similar age. A sanitary 
sewer system evolved in 
concert with the develop
ment of the city and its 
environs, and like many 
coastal cities, Boston first 
dumped its sewage farther 
and farther off shore. At 
first, sewers flowed intp 
mudflats and other tidal 
areas. The tidal flats of the 
Charles River in the Back 
Bay became so polluted 
and offensive to the city 
fathers that the area was 
filled in during the latter 
half of the nineteenth cen
tury. The need for a sewer 
system to serve the entire 
city was emphasized in a 
mid-nineteenth century 
report from the Consulting 
Physicians of the City of 
Boston, who recommend
ed a plan that would 

wastewater resulted in Boston becoming the 
leader in city-wide water and sewer drainage 
systems in the nineteenth century. Boston also 
led the nation in developing a structured solid 
waste program in conjunction with these sys
tems. However, those once-innovative sys
tems became outmoded and deficient as 
decades passed. In recent years, both new and 
future laws regulating the operation of these 
systems have resulted in an ever-changing 
need for enlarging these drainage systems. In 
addition, new state and federal regulatory 
statutes have had a significant impact on the 
treatment of the environmental problems in 
the metropolitan Boston area. The multi
billion dollar Deer Island Treatment Plant and 
Outfall Tunnel were constructed under the 
direction of the MWRA (see Figures 7-18 & 
7-1~) in responding to the 1985 court-ordered 
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"carry the sewerage out so 
far at sea that point of discharge will be 
remote from dwellings, and beyond the possi
bility of doing harm to the citizenry" 
(Whitehill, 1968). . 

The 1875 plan called for two main drainage 
systems: one to serve the area north of the 
Charles River and one to serve the area south 
of it. Both systems were to collect and then 
discharge untreated sewage into the ocean on 
the outgoing tide. The southerly system, 
termed the Boston Main Drainage System, 
was constructed first and was placed into 
operation in 1885. It discharged into Boston 
Harbor at Moon Island. Key components in 
the city were the East and West Side 
Interceptor sewers. The North Metropolitan 
Sewer District was created to serve the north
ern area and was placed into operation in 
1895, with its discharge into Broad Sound 



from Metcalf & Eddy {1990a) 

from Deer Island, near the 
Town of Winthrop. In the 
same year, both districts 
were united into one 
administration, called the 
Metropolitan Sewer 
District (MSD) which 
served eighteen cities and 
towns. Tlµs tidal disposal 
process, while being state
of-the-art at the time, was 
only about half effective in 
that the subsequent incom
ing tide would return a 
good portion of the dis
charge back into the har
bor. A scum developed on 
the outer harbor water that 
made Boston a very unde
sirable port. 

FIGURE 7-19. Layout of the Deer Island Sewage Treatment 
Plant as proposed. 

By 1904 the MSD had expanded and con
structed another flow release point at Nut 
Island. The Nut Island Plant was to serve 
additional southern and western towns, 
which were accepted into the system. In 1907, 
new regulations were formulated that prohib
ited the construction of combined sewer sys
tems. Subsequent systems were to be separat
ed so they could be discharged separately into 
the bay. In 1910, a new treatment plant was 
constructed at Deer Island for better waste 
dispersion. The MDC was established in 1919, 
to be later replaced by the above-mentioned 
MWRA in 1986. Under the 1994 Combined 
Sewer Overflow Plan, the MWRA has closed 
twenty-one of the eighty-four combined sewer 
discharge systems, a reduction of more than 
70 percent of the prior sewage discharge. 

Over the years, the MDC upgraded the dis
posal plants: Nut Island in 1949, Deer Island 
in 1952, and remote headworks for Deer 
Island in 1968. The Moon Island Plant was 
phased out with the operation of the new 
remote headworks. In conjunction with the 
upgrading of the various treatment plants, 
new collection, routing and outfalls were con
structed. The MWRA has implemented vari
ous systems for the upgrading of the treat
ment and disposal system for compliance with 
new environmental requirements. T9 this end, 
the Deer Island Sewage Treatment Plant was 

constructed over a period of eleven years at a 
cost of $3.8 billion and includes the Inter
Island Tunnel and the Effluent Outfall Tunnel. 
The outfall is about 15 kilometers (9.5 miles) 
long, the longest df its kind in the world, and 
.cost $380 million. It discharges about 500 mil
lion gallons of treated effluent daily since 
opening in September 2000. 

The Deer Island Sewage Treatment Plant 
came on-line in 1995 and receives wastewater 
from four underground tunnels. The waste
water is raised about 46 meters (150 feet) to the 
surface using two pumping stations and where 
grit is first removed, and subsequently 
processed for an off-island landfill. The waste
water then passes through the primary treat
ment, which removes about half the pollutants 
and separates the sludge and scum. A second
ary treatment removes the non-settleable solids 
using a micro-organism system aided by pure 
oxygen produced at the plant to reach over 85 
percent reduction of pollutants. The wastewater 
is then disinfec;ted so it will not harm marine life 
and then it is discharged through the effluent 
outfall tunnel far outside the harbor. The result
ing sludge and scum is processed in a digestive 
system using the micro-organisms that are nat
urally present to reduce the quantity and sepa
rate it into methane, carbon dioxide, water and 
solid organic material. The methane is used in 
the on-site power plant. The processed sludge is 
then sent south via the Inter-Island Tunnel to a 
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FIGURE 7-20. Section showing the Dorchester Bay Tunnel. 

pelletizing facility at Fore River in Quincy and 
subsequently sold to others who turn it into fer
tilizer. 

Conveyance pipelines and tunnels have 
been the backbone of sewage collection and 
treatment in Boston since its initial conception 
in the late 1840s. Early in its history, Boston 
managed its sewage by using small pipes to 
discharge sewage at the nearest shore. The 
collection system evolved with the waste 
being carried in brick conduits at shallow 
depths followed by deeper bedrock tunnels. 
The southern system carried waste via the 
Dorchester Bay Tunnel to a plant on Moon 
Island (see Figures 3-3 & 7-1). The unsewered 
parts of the south metropolitan area were then 
tied into a collection system, which included 
the West Roxbury Tunnel, to convey waste to 
Nut Island at the south siae of the harbor. The 
need to increase the capacity of the sewage 
system after World War II led to constructing 
the Main Drainage Tunnel through the center 
of the district and across the harbor to Deer 
Island, and the North Metropolitan Drainage 
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Tunnel in the north that also connected to 
Deer Island. 

Dorchester Bay Tunnel. The Dorchester Bay 
Tunnel was a significant component of what 
was considered to be the best sewage dispos
al system in the world when built in the 
early 1850s. Metropolitan Boston's sewage 
lines were connected into a main drainage 
tunnel leading southward to Old Harbor 
Point (now Columbia Point). At that location 
the waste was pumped to a surface reservoir 
(see Figure 7-20), carried 366 meters (1,200 
feet) into the harbor as some sludge was sep
arated, taken to Squantum Head via the 
Dorchester Bay Tunnel that formed an 
inverted siphon, and thence piped under a 
causeway to holding tanks on Moon Island 
(Clarke, 1888). The tanks were emptied twice 
a day into the harbor on the outgoing tide. 
This huge project (for its day) opened in 
January 1884 and cost the city of Boston $6 
million (Kales & Kales, 1983). The system 
eventually caused serious pollution of the 
harbor. It was augmented over the years, but 



was fully replaced by a facility on Deer 
Island in 1968. 

The total length through which sewage 
flows in the tunnel is 2,183 meters (7,160 feet). 
The vertical drop in the West Shaft is 45 meters 
(149 ft) and it is 1,856 meters (6,088 feet) near
ly horizontal from its base to the East Shaft, 
and 282 meters (923 feet) in the incline leading 
up to Squantum Head. The average elevation 
is -43 meters (-142 feet) MSL. The tunnel exca
vation was completed in June 1882 and the 
solid brick lining, 30 centimeters (12 inches) 
thick, of the tunnel had begun in March of the 
same year. All voids between the lining and 
the rock were solidly filled and the tunnel was 
practically finished July 1883. The tunnel was 
excavated to an average diameter of about 3.1 
meters (10.2 feet) and the finished lining has 
an inside diameter of 2.9 meters (9.5 feet). The 
contract price for the shafts, exclusive of iron, 
was $86 per linear foot and for the tunnel it 
was $48 per linear foot. The contractor lost 
money after two years and to prevent aban
donment, the remainder of the tunnel was 
done at about $92 per linear foot. 

The tunnel was first planned to be cut shal
lower and lie partially in the marine clay, but 
the potential problem of tunneling through 
the loose water-bearing layer led to it being 
designed to lie wholly within the bedrock. 
Experience bore out this choice as sound. The 
fractures in the rock aided in the mining. The 
tunnel was excavat~d using both pneumatic 
drills and hand drills, with some use of nitro
glycerine. An advance 9f 1.2 meters (4 feet) 
was considered a fair day's work. Dolen (in 
Clarke, 1888) reported that "[t]he chief merit 
of the air-drills seemed to be that they were 
not demoralized by pay-days, and never 
struck for higher wages." 

The tunnel is dug through Cambridge 
Argillite from Squantum Head with an inter
val of Roxbury Conglomerate (then all known 
as the Roxbury "pudding-stone" beds) 
between the middle shaft and Old Harbor 
Point (see Figure 7-20). The exploratory bore
holes showed the rock surface to be just below 
the harbor bottom from Squantum to midway 
into the bay and then plunges to 65 meters 
(214 feet) below ground surface at Old Harbor 
Point. The rock is cut by many faults, fissures 

and joints, but few of these cuts conducted 
water from above. The rock surface is some
what broken and covered by a water-bearing 
unit of sand, gravel and boulders of apparent
ly the lower outwash. This layer is overlain by 
the marine clay, which contains occasional lay
ers of sand, and a cap of mud of varying thick
ness forms the harbor bottom. 

The three working shafts, which extended 
from bulkheads, were built of stacked iron 
rings 2.9 meters (9.5 feet) in diameter, forced 
as deep as possible toward the rock and exca
vated farther by timbered works to the tunnel 
depth. The construction and ensuing prob
lems were described by Clarke (1888). Special 
care was to be taken to avoid water inflow and 
compressed air was to be used if necessary. 
Two ringed shafts reached the rock easily, but 
the west shaft could only penetrate 18 meters 
(60 feet) below the harbor bottom. Despite 
warnings by .the engineer in charge about the 
quality of the timbering work on this shaft, the 
method was not changed and water broke 
through the bottom of the shaft at a rate of 
about 10,000 gallons an hour. No pumps were 
in readiness and the shaft filled with water 
and was damaged before being pumped out. 
The repairs were difficult and additional 
inflows occurred, along with settling of the 
clay. By the time the shaft reached rock, the 
piled bulkhead above had settled nearly 1.5 
meters (5 feet). 

The maximum amount of water inflow into 
the tunnel at any one time was 64,000 gallons 
an hour. The sewage within the tunnel when 
in use was. at a slightly higher pressure than 
the outside so that any leakage was outward. 
The excavated material was deposited around 
the shafts forming small islands. The west 
shaft is now on the shore of Columbia Point. 

West Roxbury Tunnel. Around the turn of the 
twentieth century, the Massachusetts Water 
and Sewerage Board (MWSB) voted to con
struct a wastewater collection system in the 
unsewered parts of the South Metropolitan 
District. At that time, the population of the 
Boston suburbs (which included Quincy, 
Milton, Roxbury, West Roxbury and Hyde 
Park) was sparse. Wastewater was to be con
veyed through 2 to 3 meter (7 to 10 foot) diam
eter reinforced concrete pipes from these areas 
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to Nut Island and Deer Island. Construction 
for the sewers consisted of both open trench 
(cut-and-cover tunnel) in the glacial deposits 
and tunnels driven through the bedrock using 
tunnel shields with compressed air, the most 
common and current technology of that day. 
The method of construction was at the discre
tion of the contractor and depended on the 
depth of the sewer; an open trench was the 
obvious choice for shallow conditions. The 
sewers were constructed during the period 
1899 to 1902. 

The original West Roxbury Tunnel system 
was approximately 8.3 kilometers (5.2 miles) 
long with a nominal diameter of 3 meters (10 
feet) and was constructed mainly by the cut
and-cover method, with a bedrock portion of 
approximately 3 kilometers (1.8 miles) driven 
through Mattapan Volcanic Complex and the 
Roxbury Conglomerate (MWSB, 1902). The 
tunnel was constructed in sections, each with 
its own contractor and designer, and is 
described as such. Westerly from the Hyde 
Park high-level sewer, the nominal 3 meter (10 
foot) diameter tunnel is about 4.5 meters (15 
feet) deep and runs for a distance of 1,615 
meters (5,300 feet) through the Mattapan vol
canic and dike rock. About 89 meters (288 feet) 
of this section were constructed a~ a cut-and
cover tunnel where sand and ~ravel was 
encountered. The next 100 meter (327 foot) 
section of the tunnel, at a depth of about 5 
meters (17 feet), in the Stony Brook section of 
West Roxbury is a cut-and-cover tunnel in till. 
From that point, a cut-and-cover section of the 
tunnel in till runs down Hyde Park Avenue for 
a distance of 835 meters (2,738 feet). The next 
791 meter (2,596 foot) section continues along 
Hyde Park Avenue area in a 9 meter (30 foot) 
deep cut-and-cover tunnel in the till. The cut
and-eover tunnel, which is 1,140 meters (3,740 
feet) long, continues to South and Bussey 
streets. At that point, with the exception of a 
57 meter (188 foot) long tunnel driven through 
sand and gravel at a depth of 2.5 to 5.5 meters 
(8 to 18 feet), an open trench was constructed 
for a distance of 669 meters (2,193 feet) 
through till and peat in the South Street area. 
At the Arborway, the tunnel is 918 meters 
(3,010 feet) long with all but an 11.6 meter (38 
foot) deep, 348 meter (1,140 foot) long section 
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constructed as open cut-and-cover trench. The 
tunneled section was through soft ground 
made up of .sand and gravel and fine sand. 
Along Centre and South streets, the 1,456 
meter (4,775 foot) long tunnel is 15 meters (50 
feet) deep, which necessitated the use of com
pressed air and tunnel shields. This tunnel 
was constructed within soft ground in sand, 
except for 427 meters (1,400 feet) driven 
through Roxbury Conglomerate. 

With the formation of the MWRA in 1984, 
the water and sewer infrastructure was mod
ernized and the old pipelines were inspected 
and most abandoned. The sewer section, now 
designated as the West Roxbury Tunnel, from 
the New Haven Street drop chamber at the 
Dedham line to the Hyde Park high-level 
sewer was inspected in this effort (see Figure 
7-1). The New Haven Street drop chamber 
picks up the Wellesley Extension Relief Sewer 
and conveys the wastewater from Boston's 
western suburbs to the Hyde Park high-relief 
sewer through the tunnel. The concrete liners 
of the West Roxbury sewer, along with the 
Wellesley sewer, were found to be badly cor
roded in 1999 and had to be repaired using a 
structural pipe liner called slip lining. Because 
of the age of the original West Roxbury 
Tunnel, it is now being replaced by the Upper 
Neponset Valley Relief Sewer Project. 

Main Drainage Tunnel. The 11.5 kilometer 
(7.12 mile) long Main Drainage Tunnel slopes 
from elevation -91 meters (-299 feet) MSL at 
Shaft A at the west edge of the campus of 
Wentworth Institute of Technology in Boston 
easterly to Shaft B at Dorchester Bay and from 
there northeast to elevation -94 meters (-309 
feet) MSL below Deer Island in Boston Harbor 
(see Figure 7-1). The western leg of the tunnel 
between Shafts A and Bis 4,196 meters (13,763 
feet) long and the eastern leg to Shaft C at 
Deer Island is 7,263 meters (23,823 feet) in 
length. The 3.7 to 4.3 meter (12 to 14 foot) 
diameter tunnel was lined to a 3 meter (10 
foot) diameter in the western leg and 3.5 
meters (11.5 feet) in the eastern leg. It was con
structed between 1951 and 1959 by drill and 
blast. 

The western 1,311 meters (4,300 feet) of the 
tunnel passes through interbedded shale, 
arkosic sandstone, sandstone and conglomer-



ate, and the rest of the tunnel lies in argillite, 
except for a 122 meter (399 foot) thick con
glomerate unit on the west side of Shaft B (see 
Figure 7-21). The strata in the western leg 
strike west-northwest to northwest and gener
ally dip 20 to 40 degrees northeast, whereas 
the strike in the eastern leg swings to the 
northeast and the similar dip is to the north
west. The conglomeratic unit at Shaft B was 
called the Squantum Tillite by Rahm (1959 & 
1962) and separated a Dorchester Member of 
the Roxbury Conglomerate to the west from 
the Cambridge Argillite to the northeast. 
However, the 63 meter (206 foot) thick con
glomeratic unit, which has clasts similar to 
those of the Roxbury in a fine-grained matrix 
and interbedded with thin argillite and sand
stone with isolated pebbles, is apparently a 
slide within the Cambridge Argillite and the 
contact with the Roxbury can be placed at the 
east side of the conglomerate 708 meters (2,323 
feet) from the west end of the tunnel. These 
western conglomerate units contain abundant 
melaphyre (dark basaltic rock) clasts, but no 
melaphyre dikes were found in the tunnel. 
The entire tunnel is cut by both altered and 
unaltered diabase dikes and sills. The dike
like bodies range up to 37 meters (120 feet) 
and the sills to 23 meters (74 feet) in thickness. 

The Main Drainage Tunnel skirts the north
ern side of the mass of Roxbury Conglomerate 
in the basin that is commonly referred to as 
the Central Anticline. The northeast dips in 
the western leg of the tunnel are consistent 
with a north slope of such a fold, but those 
dips in the eastern leg are not. Instead of main
taining this dip or one even more to the east, 
they swing to a northwest dip and indicate 
that a simple anticlinal concept has problems. 
Small-scale folds are of a different nature. The 
Cambridge Argillite in the center of the tunnel 
contains thirty groups of small- to large-scale 
slump folds, some of which are broken by 
faults (see Figure 7-22). Most of these folds are 
overturned to the east and apparently slid 
down an east-facing slope, but they present a 
complex overall pattern that might be expect
ed in slumps. These slump folds are different 
from the drag folds associated with faults. 

Rahm (1959 & 1962) mapped 158 faults in 
the tunnel. Of these, sixty-eight were deter-

mined to be normal, seventeen reverse and 
twenty-seven vertical. The remainder could 
not be identified. The great majority strike 
northeast and dip moderately to steeply 
northwest; the others strike north-northeast 
and dip steeply southeast or strike northwest 
and dip steeply southwest. Soft gouge is pres
ent along forty-five of the faults and has a 
thickness ranging from a smear to as much as 
0.3 meters (1 foot). Fault breccia is recorded 
along five faults, where it ranges from a cou
ple of centimeters to 0.3 meters (inch to a foot) 
in thickness. Eight of the faults have associat
ed veins of quartz or calcite or both that are 
generally 2 to 9 centimeters (1 to 3.5 inches) 
thick, but may reach 60 centimeters (24 inches) 
in thickness. The stratigraphic throw for sixty
three faults is between 2 centimeters to 8.5 
meters (1 inch to 28 feet), with a mean of 0.8 
meters (2.5 feet) and a median of 1 meter (3 
feet). The numerous steep dikes (which prob
ably follow faults) fa,11 into three sets. Most 
strike north-south with lesser numbers strik
ing either northwest or east-west. The intense
ly sheared northwest-trending, northeast-dip
ping border of the conglomerate near Shaft B 
apparently represents a large fault below 
Dorchester Bay. The northeast-trending Stony 
Brook Fault apparently passes about 333 
meters (1,200 feet) west of the west end of the 
tunnel. 

Steel supports were used over 4,032 meters 
(13,226 feet) or 35 percent of the tunnel for sev
eral reasons (Rahm, 1959 & 1962). The argillite 
and clay in the western third of the tunnel that 
underlay a valley in the bedrock needed most 
of the support. Kaye (1979) felt that altered 
tuffaceous argillite was present in this area 
and controlled the valley. Ninety-five percent, 
3,117 meters (10,225 feet), of these strata 
required support because of soft-rock alter
ation, which seems to be concentrated along a 
very wide faulted zone. In addition, roof bolts 
were used to stabilize :(laggy argillite striking 
parallel to the tunnel and dipping gently 
northward. Only eleven percent, 825 meters 
(2,705 feet) of the much thicker argillite to the 
east required roof bolts and a mere nine per
cent, 54 meters (176 feet), of the intervening 
conglomerate did. All of the 293 meters (961 
feet) of diabase forming the roof in the west-
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em leg required steel support, whereas sup
port was needed on only twenty-six percent, 
135 meters (444 feet), in the eastern leg. The 
need. for support for these diabase intrusions 
in the eastern leg rarely extended into the 
adjacent argillite. Rahm did not feel that joints 
and faults were a major factor necessitating 
support, but the shaly and slabby nature of the 
argillite in the problem areas may have been 
due to fault movement. 

The bedrock surface is lowest off Deer 
Island, where it reaches a depth in excess of 
64.6 meters (212 feet) in a borehole that 
entered a fault zone (see Figure 3-69). This 
depth still provided 27 meters (87 feet) of rock 
above the tunnel. Overlying the bedrock is 
principally marine clay with some upper out
wash and organic sediment (see Figure 3-68). 

North Metropolitan Relief Tunnel. The North 
Metropolitan Relief Tunnel was also built in 
the early 1950s to carry sewage from the 
northern part of metropolitan Boston to the 
treatment plant at Deer Island (see Figure 7-1). 
It extends 6,333 meters (20,772 feet) southeast
ward from Chelsea to Deer Island sloping 
from about elevation -87 to -89 meters (-285 

to -291 feet) MSL between 4.3 meter (14 foot) 
diameter shafts at either end (Billings, 1975). It 
was constructed by drill and blast and was 
lined with concrete to an inside diameter of 3 
meters (10 feet) at completion in 1956. 

The North Metropolitan Relief Tunnel was 
not mapped and the lithology of this tunnel is 
based on a study of the cores of exploratory 
borings (see Figure 7-23) and on a very rapid 
survey by Billings (1975) of the northwestern 
two-thirds (see Figure 7-24). The tunnel lies 
entirely within the Cambridge Argillite, which 
is nowhere exposed at grounq. surface above 
it. The strata consist of medium- to dark-gray 
argillite with scattered interbeds of feldspath
ic sandstone and some siltstone that is cut by 
both altered and unaltered diabase dikes. The 
argillite is very , thin-bedded and laminated 
and displays small slutnp folds locally. The 
sandstone beds range up to 5.5 meters (18 feet) 
in thickness and contain orthoclase feldspar 
that is generally altered to kaolin. Light-gray 
kaolinized shale-like argillite was encountered 
in eight boreholes, but altered rock was not 
noticed in the exposed unsupported parts of 
the tunnel. The shaly strata constitute 24 per-
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cent of the recovered core. This shaly argillite 
might represent shear zones. The abundance 
of altered rock in this tunnel, unlike the other 
tunnels, was distributed fairly evenly 
throughout the length of the bore. 

Many sections of this tunnel required lining 
and some places required structural steel sup
port. The length of the lined sections suggests 
that altered strata ranged from as little as 3 to 
30 meters (10 to 100 feet) or more in thickness. 
Between these lined sections are hard argillite 
and sandstone. Similar rock alteration did not 
occur in the contiguous western end of the 
Main Drainage Tunnel (Rahm, 1962). The 
many tunnel sections that required support 
would reflect both altered and faulted zones. 

The strata strike to the northeast. Those 
strata in the northwestern part of the tunnel 
dip 30 to 60 degrees to the southeast and those 
in the southeastern part generally dip 60 to 70 
degrees to the northwest, with lesser dips 
close to Deer Island. The changeover in dips, 
which occurs at the western edge of Winthrop, 
is considered the east-northeast-trending axis 
of the Charles River Syncline by Billings 
(1975). However, this axis is apparently the 
continuation of the fault at this 11syncline" as 
found in the City Tunnel Extension. 

About forty separate sections, 4.9 to 146 
meters (16 to 478 feet) in length, required 
structural steel support, about twenty-four 
percent of the tunnel. Taddeus Medowski, the 
Senior Engineer (in Billings, 1975), considered 
it was due to intense fracturing of the rock, but 
Kaye (1967) thought most may have been built 
to support altered rock. Both causes undoubt
edly exist and the alteration would be at least 
partially controlled by faults. The crumpled 
rock in the Charles River Fault Zone required 
91 meters (298 feet) of support. The sections of 
support are probably a guide to the more dis
ruptive faults. 

Modern-Day Wastewater Tunnels 
The MDC was reorganized as the MWRA in 
1984 and charged with providing water and 
sewer service to the 2.5 million people of met
ropolitan Boston along with cleaning up the 
pollution in Boston Harbor. The MWRA, in its 
efforts to purge the waters of Boston Harbor 
and the area rivers, undertook · a massive 
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wastewater project beginning in the late, 1980s 
and costing $3.8 billion. The program in
volved numerous improvements to the sewer
age transport system to convey wastewater 
and storm water. It was designed to: 

• connect any remaining separate outfalls 
into the main collection systems leading 
to the treatment facilities at Deer Island at 
the north and Nut Island at the south of 
the harbor; 

• carry the wastewater northward beneath 
the harbor from Nut Island via an Inter
Island Tunnel to Deer Island where a 
major facility would treat all the sewage; 
and, \ 

• discharge the treated effluent seaward 
through a long Deer Island Outfall Tunnel 
to mix with ocean waters (see Figure 7-1). 

Improvements onshore included a Braintree
Weymouth Tunnel to better connect the south 
shore communities to the primary treatment 
plant on Nut Island, an additional Wellesley 
Tunnel to the west to prevent overflow into 
rivers leading to the harbor and a combined 
sewage overflow (CSO) storage tunnel at 
Dorchester Bay to prevent overflow of 
untreated storm water directly into the har
bor. 

Extensive exploration programs were 
undertaken in order to characterize the geolo
gy for the design of the shaft, the tunnels and' 
diffuser section for the Deer Island Outfall and 
Inter-Island and Braintree-Weymouth tunnels 
in the Boston Harbor area. Preliminary design 
borings were carried out in the summer and 
fall of 1988, with the detailed borings being 
completed the following year. A detailed geo
physical program was also carried out to bet
ter determine the quality of the rock along the 
proposed alignments and in the potential far
offshore diffuser locations near the end of the 
outfall. After assessing the data from the 
detailed design exploration program, the 
alignments were finalized. 

The depths selected for the two tunnels car
rying the sewerage to Deer Island were based 
on the initial geophysical survey information. 
The survey for the outfall htnnel indicated 
that there was bedrock low just to the east of 



Deer Island and the tunnels were designed to 
pass two tunnel diameters below the lowest 
elevation of this bedrock low. The geophysical 
program also indicated that there was a low
velocity zone in the northern section of the 
proposed diffuser area. The low-velocity area 
was core drilled and found to be almost entire
ly "kaolinized" argillite. The geophysical sur
vey for the Inter-Island Tunnel indicated that 
there was an area of low-velocity material to 
the west of Peddocks Island. Due to these 
studies, the northern extent of the diffuser 
area was eliminated and a jog made in the 
Inter-Island Tunnel alignment. 

As expected, the majority of the rock recov
ered from the exploration was Cambridge 
Argillite, but intrusive rock was also an 
important component. Igneous sills intruded 
along bedding planes, dikes along fracture 
planes and irregularly shaped intrusive bod
ies that followed various features are abun
dant in the Boston Basin (Rahm, 1962) and 
were also observed in explorations for the 
tunnels. These observations found that about 
twenty-eight percent of the rock encountered 
in the City Tunnel is basalt and diabase 
(Tierney et al., 1968), and about ten percent of 
the rock excavated at Porter Square are 
igneous intrusions and altered basalt (Dill, 
1986). The outfall alignment passes "The 
Graves," an island made up of a large diabase 
sill that lies about 7.5 kilometers (4.5 miles) 
east of Deer Island. Kaye (1986) estimated 
that the sill at The Graves may be in the order 
of 91 meters (300 feet) in thickness. Borings 
also recovered felsite. The preliminary explo
ration program recovered the following per
centages of the various units along the align
ment at the expected tunnel depths of the 
three tunnels: 

• argillite ---'- 71.3 percent 
• sandy argillite - 11.3 percent 
• altered argillite - 5.5 percent 
• igneous intrusive - 8.6 percent 
• volcanic rock - 3.3 percent 

The rock strengths for the argillite are very 
similar to those recorded from other tunnels in 
the Boston Basin, such as the MBTA Red Line 
Extension and the Dorchester Tunnel. Testing 

of the Inter-Island Tunnel samples resulted in 
similar results, whereas the results on samples 
from the shafts on both Deer and Nut islands 
yielded higher average unconfined compres
sive strengths of 146,169 kilonewtons per 
square meter (21,200 pounds per square inch) 
for the argillite and 182,573 kilonewtons per 
square meter (26,480 pounds per square inch) 
for the diabase. Considerable rock testing was 
done for the exploration programs for the 
Deer Island Outfall, Inter-Island and 
Braintree-Weymouth tunnels. The other tun
nels had separate exploration programs. 

Inter-Island Tunnel. The Boston Harbor 
Project's Inter-Island Tunnel extends from 
Deer Island south for 7.7 kilometers (25,160 
feet) to the Nut Island headworks (see Figures 
7-1 & 7-25). The alignment runs south to just 
off Peddocks Island and then turns to the 
southeast to the tip of Nut Island. The tunnel 
was driven with a TBM and completed at the 
end of the drive with a 4.3 meter (14 foot) 
diameter cast-in-place lining (Caspe & Wil
liamson, 1995). The configuration of the lining 
was actually "D-shaped" in order to embed 
two 36 centimeter (14 inch) sludge lines into 
the west wall of the tunnel. The excavation 
began beneath Deer Island in July 1992 and 
was completed in November 1995 and the 
liner finished in late 1997. The tunnel, reached 
by shafts at both ends, was designed to have a 
minimum of 21 meters (70 feet) of rock cover 
and slope northward from elevation -62.5 
meters (-205 feet) MSL at Nut Island to eleva
tion -82.3 meters (-270 feet) MSL at Deer 
Island. 

The tunnel penetrates Cambridge Argillite, 
diabase and basalt dikes and a few sills, and
some thin greenish-gray and red felsite sills at 
the south end (see Figure 3-89). The rock is 
chiefly sandy argillite with some sections of 
interbedded argillite, tuff and tuffaceous 
argillite, as well as intervals of interbedded 
argillite, sandy argillite and sandstone with 
minor pebbly argillite. The rock is generally 
very good, although slickensides are very 
common and many faulted intervals 3 to 24 
meters (10 to 80 feet) wide are present. The
alignment of the Inter-Island Tunnel crosses · 
the regional structural trend and, thus, has a 
greater risk of encountering varying condi-
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FIGURE 7-25. Bedrock surface along the route of the Inter-Island Tunnel. 

tions as well as different lithologies of the 
Cambridge Argillite mapped along the tunnel 
alignment (see Figures 3-89 & 7-26). The atti
tude of the argillite is highly variable (see 
Figure 7-26), but between Deer Island and the 
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south side of Long Island it generally strikes 
northwest with a northeast dip of 20 to 50 
degrees, west of Peddocks Island it strikes 
northeast and dips 10 to 40 degrees south to 
southeast, and at Nut Island it strikes north-



east with a northwest dip of 80 degrees 
(Sverdrup, 1990b). These three groupings gen
erally reflect changes at fault zones, but many 
changes result from slumping during deposi
tion. Variations in the lithology of the 
Cambridge Argillite also are seen along the 
tunnel (see Figure 7-26). At Deer Island most 
of the argillite below. elevation -70 meters 
(-230 feet) MSL exhibits slump features and a 
large south directed slump was encountered 
in the tunnel north of Nut Island. 

The tunnel's alignment crosses major faults 
of the basin proj~cted through the alignment by 
Kaye (1984a), in addition to the evidence for 
very small- to moderate-sized faults seen in 
almost all rock.core from boreholes (Sverdrup, 
1990a). The easterly trending lows in the 
bedrock surface along the tunnel route reflect 
the faults (see Figure 7-25). The quality of rock 
found during exploration also apparently 
reflects the faulted areas (see Figure 7-27). A 
low-velocity zone and a northwest-trending 
bedrock trough, indicative of a fault across the 
south edge of Deer Island and a greater water 
inflow, was encountered there. Two other· 
faults, which bracket Long Island, appear to 
have uplifted the island relative to either side to 
account for lithologic changes in the argillite. 

An east-trending low seismic velocity zone 
identified in the exploration program coincid
ed with the extension of the Squantum and 
Peddocks Island , faults west of Peddocks 
Island that were identified by Kaye (1978) in 
his map (Weston Geophysical, 1989a & 1989b) 
of the Boston area (see Figure 1-34). An east
trending bedrock trough was indicated, but its 
depth was . indeterminate prior to drilling 
because the seismic velocities of the till and 
soft bedrock overlapped. Exploration borings 
over a 1,220 meter (4,000 foot) interval found 
considerable highly fractured, medium to 
very-soft gray to white argillite and highly 
sheared diabase with higher water inflow 
(Sverdrup, 1990b; MWRA, 1996). The zone is 
characterized (Sverdrup, 1990a & 1990b) by 
the extreme development of slickensides, fault 
gouge, partings and lower rock quality desig
nation (RQD). Although the tunnel alignment 
was altered in attempts to avoid the faulted 
zone, the tunnel drive encountered soft mate
rial off Peddocks Island. This zone is a major. 

fault one, which extends about 122 meters (400 
feet) between Stations 196+50 to 200+47 and 
required steel support. The northern side of 
the northeast-trending fault dips steeply to the 
northwest and the north half of the zone is 
highly broken altered gray argillite and gouge 
(Barosh, 1996b ). The intact argillite in the 
northern edge of the fault zone dips about 20 
degrees to the north. 

Over the 300 meter (1,000 foot) length of 
tunnel north of this major fault zone, the rock 
is characterized by east-northeast striking, 
north 30 to 60 degree northwest-dipping 
argillite offset by near vertical, east-northeast 
striking faults and is cut by a few thick green
stone and light-colored dikes. The dips in the 
argillite change across the faults and dikes. 
For 245 meters (800 feet) of the tunnel south of 
the major fault, the . gently to moderately 
south-dipping argillite was cut by 30 to 60 
degrees north-dipping normal faults spaced 1 
to 3 meters apart (3 to 10 feet). Slu:tnp struc
tures are present at Station 210+00, about 291 
meters (955 feet) south of the major fault 
zone. The dip of the argillite flattens to the 
south to Station 215+60 where it abruptly 
changes to a 45 degree north dip across an 
apparent slip on a slump. The bedding to the 
south is gently undulating with flat to moder
ate north, west, and south dips to Station 
240+05 where a very dark gray dike 70 cen
timeters (2.3 feet) wide lies along an approxi
mately 40 degree south-dipping fault. Farther 
south, the argillite is relatively undisturbed 
with 30 to 45 degree south dips to an abrupt 
change to vertical at Station 251 +00 that is 
maintained to the shaft at Nut Island. The 
abrupt change appears to be due to a south
moving slump, as does the one at Station 
215+60. The southern part of the argillite is 
seen to be well laminated in thin to very thin 
beds, which are commonly graded. Darker 
gray clasts, 8 to 15 centimeters (3 to 6 inches) 
long and elongated parallel to bedding, occur 
in one layer. Most if not all of the dikes 
intruded along faults, and many dikes are 
sheared and broken by later movement. The 
frequently reported veins of calcite and 
quartz in the rock along the alignment is sim
ilar to the Narragansett Basin, where such 
veins reflect extensional fault movement. The 
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FIGURE 7-26. Map showing subdivisions of the Cambridge Argillite and bedding attitudes 
from oriented core along the Inter-Island Tunnel across Boston Harbor. 

structure south of the major fault is normal 
movement down to the north with rotation of 
the beds.to the south. The slumps suggest that 
the movement started before the argillite was 
consolidated from soil into rock. 

Problems in the tunnel construction result
ed from the large fault zone, water inflow and 
a fire. The broken rock in the fault zone col
lapsed onto the TBM and caused it to become 
stuck. This stoppage required hand mining 
the soft and broken rock for about 30 meters 
(100 feet) in front of the machine to free it. The 
tunnel was advanced only 270 meters (900 
feet) between May 1994 and June 1995 in 
crossing this fault zone. The rock fractures in 
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the tunnel produced a larger quantity of 
groundwater than expected. The groundwater 
reached an inflow of 20 cubic meters per 
minute (5,300 gallons per minute) when the 
excavation was completed, thus requiring a 
special water treatment facility during con
struction (Fong et al., 1998). The water inflow 
was generally between 0.3 to 0.75 cubic meters 
per minute (80 and 200 gallons minute) in 
sections along the tunnel, but it was 0.75 to 3.8 
cubic meters per minute (200 to 1,000 gallons 
per minute) in a 640 meter (2,100 foot) section 
south of Deer Island and in the major fault 
zone along with a large inflow through a pipe
like opening just north of the zone. A grouting 
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program was instituted to reduce this inflow 
to 4 cubic meters per minute (1,000 gallons 
minute). A fire, which resulted from the igni
tion of a conveyor belt u:sed to remove muck 
generated by the TBM, caused another delay, 
but all the miners escaped safely through an 
emergency shaft on Long Island. Hydrogen 
sulfide occurred in the rock excavated south of 
Deer Island and caused a minor problem dur
ing construction. In addition, day-sized mate
rial was generated by the TBM excavation 
through the bedrock and occasionally clogged 
the cutter head on the TBM, causing delays at 
times throughout the length of the tunnel. 

Deer Island Wastewater Treatment Plant. Deer 
Island originally was separated from the 
mainland to the northwest by the narrow 
Shirley Gut, a ship passage said to be wide 

NUMlll?R OF POIHTS USEO 
TO DEFINE OIP ANO STRIKE 

A'r EACH BORING I.OCIITIO N 

BORING No. PRIMARY SECONDARY 
LOE-Ml 6 4 

.69-117 NONE NONE 
69-116 NONE NONE 
66-26 4 1 
89-'-101 8 1 
89-113 8 2 
89-102 18 NONE 

· 89-103 1 1 
69-114 29 16 
89-104 8 NONE. 
88-27 2 NONE 
89-105 · 17 NOOE 
8!HO!\ . 15 1 
89-107 4 3 
8!HOS NONE NONE 
6lH15 1 1 
89-109 2 1 
88-28 4· 3 
89-110 10 UONE 
89-111 2 2 
89-112 8 5 
66-29 1 .1 
LOE--58 7 4 

enough to keep wolves from the deer that 
became very prolific (Wood, 1634). Currents 
gradually filled in the gut to the point where a 
road could be built crossing it (Snow, 1935), 
transforming the island to a peninsula (see 
Figure 7-18). Deer Island served as a site for a 
concentration camp, alms house, signal sta
tion, quarantine station and more recently a 
house of correction and a pumping station for 
the North Metropolitan Sewage District. The 
sewage received limited treatment and was 
discharged into Massachusetts Bay via short 
outfalls at the south end of the island. The 
island is now the site of the large MWRA Deer 
Island Sewage Treatment Plant, which is the 
centerpiece of the Boston Harbor cleanup (see 
Figure 7-19). The plant receives wastewater 
from the North Metropolitan Relief and Main 
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FIGURE 7-27. Rock ratings along the Inter-Island Tunnel alignment. 

Drainage tunnels from the west and the Inter
Island Tunnel from the south for treatment 
and then sends the treated water seaward 
through the Deer Island Outfall Tunnel and 
sludge back through the Inter-Island Tunnel 
for further treatment (see Figure 7-1). 

Construction of the · vast plant required 
almost all previous structures be removed 
and a near leveling of the island, along with 
very extensive exploration. The island was 
investigated by an extensive network of bore
holes, which provide an exceptional three
dimensional view of the geology and its 
stratigraphy (Goldberg-Zaino Associates, 
1983; Metcalf & Eddy, 1990a & 1990b). Simply 
put, the island was formed of drumlins over
lapped by marine clay and capped by organic 
sediments. A large easMrending drumlin, 
which reached about 34 meters (111 feet) MSL 
in height and formed the southeast end, was 
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separated by a lowland from a small and nar
row about 21 meter (70 foot) MSL high south
east-trending one to the north, with the whole 
surrounded by a broad shoal (see Figure 8-
28). The east end of the main drumlin was 
incised by a south-trending channel. Argillite 
is found at depths of-14 to -24 meters (-47 to 
-80 feet) MSL in the central part and drops off 
to about -30 meters (-100 feet) MSL at the 
southwest shore (see Figures 7-29 & 7-30). A 3 
meter (10 foot) plus layer of gravel and cob
bles between the till and argillite found in one 
boring at the west side of the main drumlin is 
apparently part of the similar deposit discov
ered at the southeast edge of the island 
(Figure 3-76) and may represent an esker or 
early glacial retreat deposit. The till is incised 
by channels filled by marine clay in the low
land and along the northeast side, which 
overlaps the tiH on the southwest (see Figure 
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FIGURE 7-28. Central Deer Island prior to leveling, showing the central drumlin and a por
tion of the northern one and the location of sections. 

7-31). The clay reaches 14 meters (45 feet) in 
thickness in a channel in the lowland and 
over 18 meters (60 feet) in the overlap at the 
southwest shore. In places, the channels cut 
through the till into the argillite at-14 meters , 
(-45 feet) MSL elevation. Those channels in 
the lowland slope eastward along the north
east shore. The top 9f the gray marine clay 
reaches about 1.2 m~ters (4 feet) MSL in ele
vation onshore and it has a yellow oxidized 
cap just offshore to the southwest. A local 
channel in the day itself in the center of the 
lowland has a fill of upper out.wash. An irreg
ular layer of brown silty to sandy clay, silt and 
peat O to 9 meters (0 to 30 feet) thick covers 
the marine clay areas and in places may 
extend to over 6.1 meters (20 feet) MSL in ele
vation. Some of this material fills shallow 
channels in the marine clay and most (if not 
all) represent the organic deposit, which over
lies the marine clay off the southwest shore. 
Very locally sand and gravel, which extends 
up to about 3.7 meters (12 feet) MSL elevation 

and overlies the organic deposit, may be 
beach sediment. 

A fractured fault zone found at the south
ern shore apparently continues northeastward 
to form a low-velocity zone near the Deer 
Island Outfall Tunnel. However, too little 
bedrock was explored to locate any additional 
faults onshore. 

Deer Island Outfall Tunnel. The outfall tunnel 
from the .Deer Island Treatment Plant extends 
15.3 kilometers (9.5 miles) in a northeasterly 
direction into Massachusetts Bay and is the 
largest ocean outfall tunnel in the United 
States (see Figures 7-1 & 7-32). The tunnel has 
a maximum capacity of 5.8 million cubic 
meters per day (1.27 billion gallons per day) in 
conveying the secondary treated effluent to an 
area in Massachusetts Bay where currents 
allow the effluent to mix well with ocean 
water. The effluent is discharged into the bay 
through a diffuser system, which consists of 
fifty-six vertic;al pipes to the sea floor over the 
last 1,677 meters (5,500 feet) of the tunnel, the 
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FIGURE 7-29. Southwest-northeast section across central Deer Island between the central 
and northern drumlins showing small marine clay-filled channels. (Location B is shown in 
Figure 7-28.) 
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FIGURE 7-30. Northwest-southeast section across central Deer Island between the northern 
flank of the north drumlin and the eastern flank of the middle drumlin showing marine clay 
filled channel in the till (view northeast). (Location A is shown in Figure 7-28.) 
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FIGURE 7-31. Northeast-southwest section at the southwest shore of central Deer Island near 
the old piers showing the marine day with an oxidized top and overlying organic deposit 
lapping onto the till (view northwest). 

top of which is 30 meters (100 feet) below the 
sea floor. Excavation began July 1992 and was 
completed in 1998, and the outfall started 
operating in September WOO. The tunnel is 
drilled 8.08 meters (26.5 feet) in diameter by a 
Robbins TBM, which was purchased specifi
cally for this project and was left buried 
beyond and below the tunnel level at the end 
of its drive. A segmented concrete liner was 
installed behind the TBM as it moved forward 
and, thus, limited the amount of geologic data 
that could be obtained from direct observation 
of rock that was drilled through. The tunnel 
excavation cost $390 million, which was about 
10 percent of the total harbor wastewater 
treatment project. 

The tum1el alignment parallels the regional 
trend of the Boston Basin and extends east
ward into an area of northwest-trending 
bedrock lineaments (see Figures 3-72 & 7-33). 
The tunnel lies within the Cambridge Argil-

lite, which includes a few tuffaceous beds of 
the formation, along with diabase and lesser 
basalt, andesite and felsite dikes and sills -
all of which are covered by marine clay and 
other surficial deposits (see Figures 7-34 & 
7-35). The bedding in the argillite is generally 
1 millimeter to 8 centimeters (0.04 to 3.2 inch
es) and is normally very tight, but the rock 
proved more fractured than predicted. This 
blocky ground slowed the TBM and caused a 
high water inflow that reached an extremely 
high volume of 19,000 to 21,000 liters per day 
(5,020 to 7,030 gallons per day) in some reach
es of the tunnel. 

Some borings were drilled during tunnel 
location plalliling, exploring a fan-shaped area 
east of Deer Island for possible tunnel routes. 
The top of the argillite rose from nearly eleva
tion -18 meters (-60 feet) MSL east of the 
island to about elevation -12 meters (-40 feet) 
MSL 1.6 kilometers (1 mile) farther and then 

CIVIL ENGINEERJNG PRACTICE 2011/2012 393 



IIASSA<:HUSETTS 
OAY 

2980000 

2950000 

2940000 

From Schmidt 
(1991) 

FIGURE 7•32. Map showing the location of the Deer Island Outfall Tunnel. 

PIU!;SIOE:NT ROADS 

GALLOPS ~VELL 
ISLAND '· ISLAND 
:~. ·, ~ 

". GEORGES 
V1$LANO 

7 . 
SCALE:"" FEET 

LEGEND 

ao 8edrocll. eontours, ft btl 

2 2 
mean HO level 

L .J ~:/!~\~ i11:.~r:::1.r:~':cfi. 
* B,drock outcrop 

FIGURE 7•33. Bedrock surface along the route of the Deer Island Outfall Tunnel. 

394 CIVIL ENGINEERJNG PRACTICE 2011/2012 



IW 
FrQm GZA (1983) 

·20,__-1----+----+---+---+----<-----+----+---+----,-+----t----t 
- SEAWALL@ STA OtOO 5000 

STATIONING (FT.) 
10,000 

FIGURE 7-34. Surficial geology interpreted from borehole data along the western end of the 
Deer Island Outfall Tunnel. 

dropped below elevation -27 meters (-90 feet) 
. MSL 3.7 kilometers (2.3 miles) east of the island 

(Goldberg-Zoino Associates, 1983) (see Figures 
7-33 & 7-35). The thickness of the overlying till 
is extremely variable, but its surface generally 
reflects the bedrock surface (see Figure 7-35). 
The overlying marine clay also is missing 
locally on the rise and thickens again to over 9 
meters (30 feet) thick at the eastern-most bor
ing. An overlying silty sand and sand and 
gravel Oto 3.6 meters (0 to 12 feet) thick may be 
a beach or bar deposit, but could be related to 
the organic deposit, which is present to the 
east. These borings do not show the presence 
of the lower outwash as at Deer Island and the 
upper outwash also may be absent. 

Marine geophysical surveys indicated a 
highly irregular bedrock surface (see Figure 
7-36) and a low-velocity zone extending 
northeastward from the south end of Deer 
Island parallel to the basin structure and in the 
proposed route for the tunnel (Weston Geo
physical, 1988). This zone projects into the 
fault zone found at the south end of Deer 
Island in the exploration for the Inter-Island 

Tunnel. The route had to be adjusted around 
the low-velocity zone, but other possible 
structures also are indicated. A zone of north
west-trending topographic features in. the 
bedrock surface probably indicates that there 
is a zone of cross faults (as occurs on land) and 
other local trends are present. Some of these 
potential faults would be responsible for the 
high water inflow. The range of velocities 
encountered in the bedrock reflect the changes 
caused by different rock types and their 
degree of fracturing. 

Braintree-Weymouth Tunnel. The $200 :p1il
lion Braintree-Weymouth relief facilities proj
ect was undertaken to correct chronic sewer 
surcharge, and backup and overflow prob
lems in six towns at the south side of Boston 
harbor (see Figure 7-1). The 3.7 meter (12 
foot) diameter tunnel extends northward 4.6 
kilometers (2.9 miles) from the former 
Sprague Energy site along the Fore River at 
Route 3A in Weymouth to Nut Island where 
it ties into the Inter-Island Tunnel. This tun
nel carries the wastewater from the MWRA's 
new pump station at the Sprague site via a 
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FIGURE 7-35. Geologic section along the Deer Island Outfall Tunnel. 

· connection at the base of the Nut Island shaft 
to the treatment plant on Deer Island. This 
tunnel also returns sludge to the MWRA fer
tilizer plant located along the Fore River in 
Quincy (see Figure 7-37). The sludge and 
wastewater flows are through separate duc
tile iron pipes. 

The tunnel has several rather shallow seg
ments, but does descend as deep as 76.2 
meters (250 feet). It has a main North 
Weymouth Shaft (see Figure 7-38) near the 
south encl. and access shafts at either end. 
The 940 meter (3,000 foot) long portion south 

of the main shaft was excavated by drill and 
blast, and the remaining 3,660 meters (12,000 
feet) to the north by a TBM. The tunnel was 
backfilled with concrete after two 1 meter 
(3.3 foot) diameter wastewater pipes and 
five smaller ones were installed. This $73 
million portion of the overall Deer Island 
Project began in June 1999 and was complet
ed March 2003. The tunnel has directionally 
drilled siphons through surficial material 
under Fore River. Directional drilling was 
used for two north-northwest-trending, 
nearly 1.2 kilometer (3,900 foot) long 1 meter 

FIGURE 7-36. Typical north-south geophysical profile near the outer Deer Island Outfall 
Tunnel. 
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FIGURE 7-37. Map of the Braintree-Weymouth Tunnel and associated structures. 

(36 inch) diameter siphons 18 meters (60 
feet) under the Fore River. These siphons are 
connected to the tunnel via a new pump sta
tion by a 1.5 meter (60 inch) diameter inter
ceptor (Angelo, 2004). The combined siphons 
were probably the longest and largest diam
eter of such horizontal bores in the world. 
This work began in September 2000, but its 

completion was delayed until 2004 by an 
access problem. 

Exploration for the Braintree-Weymouth 
Tunnel and mapping of partial sections of the 
tunnel (see Figures 3-53, 7-37 & 7-38) reveal 
the geology at the southern edge of the Boston 
Basin (Stone & Webster, 1995; Deere et al., 
2004). The bored portion consists of two sec-
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Both the Rock Island 
Fault and the Southern 
Boundary Border Fault 
Zone trend west-north
west. The Southern Bound
ary Border Fault Zone is 
formed of north-dipping 
thrust faults. These faults, 
along with the rest of the 
tunnel, are cut by numer-
ous northwest-trending 
faults and a few north
northwest and north-
northeast-trending ones. 
Closely spaced northwest
trending faults cut the 
southern end of the tunnel. 
Billings (1976a) had rein
terpreted the Roxbury slice 
in the Rock Island Fault 
Zone as a "Hough's Neck 
Anticline" (see Figure 1-
33). He described a vol
canic flow rock in the 

FIGURE 7-38. Section of the North Weymouth Shaft of the 
Braintree-Weymouth Tunnel. 

Roxbury as a "melaphyre/' 
which was thought to rep-

tions of Cambridge Argillite separated by a 
east-west-trending fault zone containing a . 
sliver of Roxbury Conglomerate, which cross
es the middle of Hough's Neck as shown by 
Laforge (1932) and confirms his Rock Island 
Fault. Many mafic dikes, some of which are 
hydrothermally altered, cut the tunnel align
ment. The beds dip between 60 degrees north 
and vertical. The borings and tunnel mapping 
to the south along the alignment of the Fore 
River, which separates the island from the 
mainland, show severely fractured rock at the 
faulted border of the basin with the Cambrian 
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resent the older rock unit at 
the core of the anticline. The flanking con
glomerate was assumed to be younger and to 
form the limbs of an overturned anticline. 
However, the tunnel data demonstrate the 
Roxbury Conglomerate is the older unit and 
does not form an anticline (Stone & Webster, 
1995). 

During tunnel construction, a cave-in 
occurred in the Cambridge Argillite that 
formed a 7.6 meter (25 foot) tall chimney in 
one zone of highly fractured bedrock, which 
required substantial support (Deere et al., 
2004). A side wall in argillite also collapsed 



due to the slippage of a wedge bounded by 
two shear zones and a zone of highly frac
tured sandstone in the Cambridge Argillite, 
which also caused the jamming of the TBM. In 
addition, fractured quartzite of the Weymouth 
Formation in the main shaft required more 
support and work to stop excessive water 
inflow. 

Exploration across Fore River for the 
siphons shows that the Quincy Granite
Weymouth Formation contact is near the 
south side of the river (see Figure 7-39), but 
the low point in a channel cut into the argillite 
is at about elevation -43.6 meters (-143 feet) 
MSL, and is nearer the north side of the river 
(Metcalf & Eddy, 2003). In between, the RQD 
in the borehole cores is usually zero and indi
cates that a broad zone of faulting is present. 

Till is about 21 meters (70 feet) thick on the 
south side of the Fore River and thins to 3 to 6 
meters (10 to 20 feet) over the bedrock in the 
river. The till is overlain by sand on the north 
side of the river. The bedrock channel under the 
river and over the till is filled with marine silt, 
sand and clay, and capped by a wider deposit of 
organic clay. The sand and gravel of the till on 
the south side appears to be a buried esker 
(Martin, 2009). The siphons lie mostly in the 
esker and marine deposits. Only very thin till 
remains to the north in the 24 meter (80 foot) 
thick surficial section at the main s:t,.aft of the 
tunnel (Deere et al., 2004), where it is overlain by 
sand and silt, organic silt and clay, and sand and 
fill (see Figure 7-39). At this location, the posi
tion of the marine clay appears to be represent
ed by sand and silt that represents a near-shore 
fades. To the north at the Intermediate Pump 
Station, the clay is overlain by a thin channel-fill 
of gravel, which may be a distal upper outwash 
deposit (see Figure 7-40). This deposit is over
lain by a complex sandy organic deposit. 

Wellesley Extension Interceptor Sewer Tunnel. 
The 11 kilometer (6.8 mile) long, 1.5 meter (5 
foot) diameter pipe of the Wellesley Extension 
Interceptor Sewer Tunnel in western Dedham 
was designed to end sewer overflows into the 
Charles River from Newton, West Roxbury, 
Brookline and Dedham (see Figures 7-1 & 7-
41). This very shallow tunnel had to overcome 
several challenging construction conditions, 
which resulted. in problems, especially east of 

the Charles River where the tunnel passes 
through a hill of both bedrock and glacial sed
iments in an urban setting. In this area, the 
480.5 meter (1,576 foot) long bedrock portion 
was excavated by drill and blast via a portal 
on the west, plus a 107 meter (350 foot) por
tion of mixed face with sand. The 336 meter 
(1,100 foot) section of surficial material to the 
east was drilled by a small diameter TBM 
(Almeraris & Peyton, 1991). The drill-and
blast bedrock portion varies from roughly 3 to 
4.5 meters (10 to 15 feet) in diameter. The tun
nel runs parallel to and within 4.6 meters (15 
feet) of an existing sewer tunnel and under six 
buildings with as little as 7 meters (23 feet) of 
vertical clearance (Almeraris & Peyton, 1991). 

The western end of the tunnel trended 
N77°W through a section of bedrock at a great 

· bend of the Charles River, just southwest of 
the Boston Basin in Dedham. This portion of 
the tunnel lies within the Late Proterozoic 
batholitic complex (see Figure 3-53), which 
consists of an interfingering contact zone of 
the Dedham Granodiorite and Westwood 
Granite, which is the border phase of the 
Dedham, with an older hornblende diorite, 
and is cut by greenstone dikes and Early 
Jurassic diabase dikes (Barosh & Woodhouse, 
1990 & 2001). Similar greenstone dikes cut 
Cambrian strata near both the north and south 
borders of the Boston Basin, but are not found 
to cut the Late Ordovician granites. 

Rock along the tunnel is highly fractured by 
closely spaced faults and tectonic joints that 
were mapped in detail (see Figure 3-53). 
Numerous faults with a spacing of 3 to 4.6 
meters (10 to 15 feet) cut the rock. These faults 
form several fault sets, some of which con
trolled the dikes and part of the interfingering 
of the plutonic granitic rock. The area lies at 
the edge of a broad northwest-trending fault 
zone, which controls the river bend, and is just 
south of the east-northeast trending border 
fault of the Boston Basin (Kaye, 1980a). 
Surprisingly, relatively few faults of these 
trends are found in the tunnel. The faults most 
commonly found trend northeast and north
northeast The youngest are north-trending 
near-vertical faults, some of which are intrud
ed by the diabase, which has local shears and 
gouge due to fault reactivation. These faults 
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FIGURE 7-39. Section through Fore River for the Fore River siphons. 

form the most open zones. Highly varied and 
closely spaced joint sets are ubiquitous and 
frequent and are related to faulting, except for 
the columnar joints in the diabase. The combi
nation of joints and faults cut the rock into 
blocks 0.3 meters (1 foot) across, but fortu
nately most fractures are at a moderate to high 
angle to the tunnel alignment. The use of rock 
bolts and mesh controlled most of the problem 
areas. 

The tunnel section east of the Charles River 
ran into a series of difficulties according to 
Levy (1993). The noise and vibrations from 
the excavation forced limits on the working 
hours that extended the length of project to 
the dismay of nearby home owners. High 
water inflov\: occurred (chiefly where the 
mixed face bedrock-overburden was inter
cepted) and required constant pumping. The 
water flowed just above the rock surface 
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through sand and gravel. Fuel oil also 
dripped into the tunnel along a reactivated 
vertical north-trending fault bordering a 
Jurassic dike. The oil apparently flowed from 
a leaking tank in a nearby basement. 
Disturbances said to be from the excavation 
resulted in oil contamination of a water well 
that then was replaced by city water. The 
most serious problem occurred in the surficial 
till, sand and silt, which was drilled by a 
small-diameter TBM. However, it was 
stopped by a boulder and had to be disman
tled and lifted out through an unplanned 
excavation, which necessitated extensive 
grouting and the purchase of a house. Almost 
all the problems arose from having to work at 
a shallow depth in a developed neighbor
hood. 

Other problems occurred farther west, 
where the borings had indicated that gravel 



was to be excavated, but the zone turned out 
to contain numerous_ 1.3 to 2 meter ( 4 to 6 foot) 
diameter boulders, which greatly increased 
the difficulty of excavation and cost. 

North Dorchester Bay Combined Sewer 
Overflow (CSO) Storage Tunnel. The North 
Dorchester Bay CSO Storage Tunne'l (also 
called the South Boston CSO Storage Tunnel) 
extends from the Conley Terminal near Castle 
Island in a sinuous fashion southwestward 
(see Figure 7-42) along the shoreline of South 
Boston and Dorchester for a distance of 3.4 
kilometers (2.1 miles). It is a soft ground, con
crete-lined tunnel with a finished 5.2 meter (17 
foot) diameter and a crown elevation -9 to 
-10.5 meters (-30 to -35 ft) MSL. The $225 mil
lion project opened in July 2011 (MWRA, 
2011). It stores storm water from seven inter-

. cepted existing outfalls along Pleasure Bay 
and Carson Beach and carries it to the termi

. nal for pumping to the MWRA headworks at 
Columbia Point and thence to Deer Island for 
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treatment. The downstream mining shaft is 
located at the Conley Terminal and the 
upstream equipment removal shaft is located 
at the former Bayside Expo Center. There are 
three other intermediate shafts and all are con
structed down to bedrock. The tunnel was 
constructed using an earth pressure balance 
TBM. Tunneling started in January 2008 and 
finished in September 2008, slightly ahead of 
schedule. It traversed mostly through sand of 
the lower outwash and the marine clay 
(Parsons Brinckerhoff, 2006a & 2006b). 

The argillite surface is at elevation -32 
meters (-106 feet) MSL at the northeast end 
and climbs to near elevation -14 meters (-45 
feet) MSL before mid-tunnel, where it remains 
with about a 4.5 meter (15 foot) relief for the 
rest of its length. The overlying till forms a 
blanket 1.5 to 6 meters (5 to 20 feet) thick, with 
no indication of a drumlin or two tills being 
present. No overlying glaciomarine deposit 
was recognized from the test borings. Sand of 
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FIGURE 7-40. North-south section through the Intermediate Pump Station above the 
Braintree-Weymouth Tunnel, west of King's Cove, Weymouth. 

the lower outwash above the till is generally 
thin and may be absent, but is 4.5 to 18 meters 
(15 to 60 feet) thick in a mound at the south 
end of Pleasure Bay. The mound separates the 

overlying marine clay at the north end from 
that of the rest of the tunnel length. Some thin 
gravel lenses are scattered in the sand and a 
thick one is present at the southwest side of 

the mound. The oxidized 
surface of the overlying 
marine clay has three chan
nels cut into it along the 
northern half of the tunnel. 
The upper outwash filling 
the channels is composed 
of sand, except for the 
gravel fill of the northeast
ern one and thin clay lens
es at the top. These 
Pleistocene layers appear 
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FIGURE 7-41. Map showing the location of the Wellesley Sewer 
Extension Tunnel in northern Dedham. 
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Organic sediment usually 
forms an irregular capping 
1.5 to 6 meters (5 to 20 feet) · 
thick, but is very often 
locally missing. Associated 
with the organic deposit 
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are many lenses of sand, which apparently 
represent banks from tidal currents or small 
beach deposits. A continuous fill from less 
than 1.5 to 7.5 meters (5 to 15 feet) in thickness 
overlies the tunnel. 

No serious water inflow occurred. A poly
mer was injected through the TBM cutter head 
to absorb water as the TBM shield passed by. 
Water was thus sealed out as the tunnel liner 
was installed and the annulus between the 
shield and liner was subsequently grouted 
around the perimeter. Minor inflow of water
sediment mixture occurred only three times as 

the procedure was adjusted or turned off for a 
while. 

Water Diversion Tunnels 
Spring flooding along rivers is a natural annu
al event that was of some benefit to New 
England farmers since the grasses that grew 
along the floodplains formed important pas
tures, but such floods were a serious problem 
in developed areas where buildings fronted 
on waterways. The problem of excess spring 
rainstorms or summer thunderstorms and 
hurricane waters is usually handled by runoff 
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control dams and diversion. However, this 
solution is not always possible in an urban set
ting. Streams and rivers along which towns 
were settled were usually narrowed by injudi
cious filling in order to gain property, thereby 
both increasing flood problems and limiting 
solutions. Diverting floodwaters through tun
nels was one way to solve the dilemma. These 
tunnels are built along with a system of sur
face trenches and pipes to convey the flow to 
them. Early examples were the shallow Stony 
Brook Conduits built in the nineteenth centu
ry to help relieve flooding in the Stony Brook 
watershed that covers much of the southwest
ern side of Boston (see Figures 3-1 &"·3-4). 
Problems associated with these conduits have 
caused considerable environmental damage. 
The Malden and Town Brook tunnels (from 
the north and south sides of the Boston Basin, 
respectively) are modern examples of deeper 
rock tunnels for water diversion. 

Stony Brook Conduit. Stony Brook ran from 
J 

Turtle Pond in the Stony Brook Reservoir in 
West Roxbury, through Hyde Park, Roslin
dale, Jamaica Pond to the Muddy River in the 
Fens and into the Charles River (see Figure 
3-4). Its dear waters that ran through parts of 
Jamaica Plain and Roxbury enticed two dozen 
breweries to locate along its banks, but flood 
and sewage problems resulted and necessitat
ed the building, from 1851 to 1866, of a shal
low cut-and-cover conduit. This conduit was 
the first of a series to carry excess storm water 
flows northward to the Charles River. Filling 
in the Back Bay required an extension just 
west of the Fens. A large flood that occurred in 
February 1867 (as well as others in the 1880s) 
demonstrated that a larger cond.uit was need
ed. About 15 centimeters (6 inches) of rain fell 
during a three-day storm in February 1886 
that resulted in water rising over 2 meters ( 6 
feet) on the meadows, flooding 1,620 
dwellings and affecting over 3,300 families. A 
new conduit was designed to handle normal 
flood water, but not such as that from the 14.2 
centimeters (5.63 inches) of rain that fell on 
adjacent Waltham in three hours on August 
21, 1860 (Francis et al., 1886). 

The new 1,385 meter (4,542 foot) long con
duit was built from 213 meters (700 feet) above 
Centre Street to end at the Fens, rather than at 
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the Charles River (see Figure 7-43). It picks up 
the drainage of Stony Brook, Canterbury 
Brook, Bussey Brook and Goldsmith Brook. A 
water diversion through a rock ridge to the 
Neponset River was considered, but it was 
rejected because of cost. The new 5.2 meter (17 
foot) wide by 4.6 meter (15 foot) high, largely 

· brick conduit was consh11cted from 1888 to 
1889 by cut and cover, with a 1.5 meter (5 foot) 
fall in grade down to the average high tide. The 
conduit was cut into Roxbury Conglomerate at 
its upper end to the head of Halleck Street and 
over mud for 168 meters (550 feet) in Parker 
Street where wood pilings were · needed for 
support. The tunnel replaced 1,951 meters 
(6,400 feet) of the old, smaller conduit, which 
was later cut off to change from a water tunnel 
into a combined sewage and water conduit. 

Between 1867 and 1906, Boston spent over $3 
million on these and other improvements. More 
money was needed when the conduit was 
replaced by an 11 kilometer (7 mile) long, 3.7 
meter (12 foot) diameter concrete pipe in 1934. 
The conduit still operates under Parker and 
Gurney streets in Roxbury and under the MBTA 
Commuter Rail and Orange Line subway struc:
ture. The combined sewage and storm water in 
the conduit continued to have many overflows 
into the Charles River. A $45 million project was 
undertaken between 2000 and 2006 to separate 
the combined flows to send only the relatively 
dean storm water to the Charles River and the 
wastewater to Deer Island. This project required 
22,561 meters (74,000 feet) of new storm drains. 
Now sewage overflows rarely occur. 

Malden Tunnel. The 1,605 meter (5,266 foot) 
long Malden Tunnel was built in the 1950s 
beneath Malden as part of a system to relieve 
flooding along Spot Pond Brook (see Figure 
7-1). It extends southward through Malden near 
Malden Square (Billings & Rahm, 1966) and 
slopes from elevation -84 meters (-276 feet) 
MSL at the north entrance shaft to elevation -87 
meters (-286 feet) MSL at the south shaft. The 
bedrock cover ranges in thickness from 23 to 76 
meters (75 to 249 feet). The 3.8 meter (12.5 foot) 
finished diameter drill-and-blast tunnel was 
constructed from 1957 to 1958. 

The northern part of the tunnel passes 
through the Lynn Rhyolite and the southern 
part passes through the Cambridge Argillite · 
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FIGURE 7-43. View of the Stony Brook Conduit being constructed at Forest Hills about 1905, 
apparently in the Roxbury Conglomerate. (Courtesy of the Boston Water and Sewer Com
mission.) 

and sills and dikes of diabase, with the contact 
formed by the Northern Boundary Fault of the 
Boston Basin (MDC, 1956a & 1956b; Billings & 
Rahm, 1961 & 1966; Billings, 1965). The Lynn 
Rhyolite consists of felsitic flow-banded lava 
and an overlying tuff-breccia that are locally 
separated by thin lenses of porphyry and tuff. 
These strike to the northeast and usually dip 
15 to 20 degrees to the northwest. The very 
thin-bedded and laminated Cambridge 
Argillite displays cyclic beds and cross-beds, 
indicating a source of sediment from the 
south. Very subtle differences in shades of 
gray and bedding allowed it to be divided into 
ten units. The argillite strikes northeast and 
generally dips ,10 to 65 degrees south, but 
steepens toward the boundary fault and is 
slightly overturned adjacent to it. Altered and 
unaltered diabase dikes and altered sills fom1 
about eight percent of the tunnel and these arc 

concentrated in the argillite. The dikes are 
very steep and about parallel to the border 
fault. The surficial deposits above the tunnel 
alignment were m apped by a series of bore
holes (see Figure 3-104), but had no real bear
ing on tunnel construction. 

The Ordovician Lynn Rhyolitc is thrust 
southeasterly along the Northern Boundary 
Fault (see Figure 7-44) over the argillite of the 
Boston Basin (Laforge, 1932). The dip of the 
fault is 55 degrees north in the tunnel, but bor
ings indicate that the dip flattens at depth 
(Billings & Rahm, 1966). Billings and Rahm 
(1966) estimated that the strati~raphic throw 
exceeded 3,000 meters (10,000 foet) and the net 
slip at least 4,570 meters (15,000 foct). Gouge, 
breccia and silica veins are reported absent in 
the tunnel at the fault zone, but were seen on 
the surface by Barosh . The fault is associated 
·with close jointing in the argillite for 540 
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FIGURE 7-44. Portion of the Malden Tunnel crossing the Northern Border Fault of the Boston 
Basin, forming the contact between the Cambridge Argillite on the south with the Lynn 
Rhyolite on the north. This section is from along the west wall of the tunnel shown at the 
bottom (view west) and map view of the west wall data shown on the top. 

meters (1,771 feet) south of the fault and for 
262 meters (8(51 feet) north of it in the Lynn 
Rhyolite. The water inflow into the tunnel 
when being constructed in this zone was 
excessive. This broken zone required structur
al steel for ground support; fifty-two percent 
of the tunnel needed steel support (Billings & 
Rahm, 1966). 

No faults were mapped in the argillite, but 
the dikes almost certainly follow faults as they 
do elsewhere in the Boston Basin. The dikes at 
the edge of the overturned zone apparently 
mark the faulted border of drag beneath the 
Northern Boundary Fault. A zone of roughly 
parallel faults, called shears by Billings and 
Rahm (1966), lie north of the boundary fault. 
However, farther to the north most of the 
faults dip steeply to the south. At least some of 
the faults have normal movement, although 
they still trend east-west. These faults are 
probably younger ones controlled by the bor
der of the Boston Basin. 
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Town Brook Tunnel. The Town Brook Tunnel 
passes beneath the center of Quincy near the 
southern boundary of the Boston Basin at the 
east end of the Blue Hills (see Figure 7-1). The· 
frequent flooding over several years in the later 
nineteenth century along Town Brook in 
Quincy prompted the mining of this water 
diversion tunnel underneath the brook, along 
with improvements to culverts and the Old 
Quincy Dam in its headwaters. The 4.4 meter 
(14.3 foot) excavated diameter tunnel extends 
1.24 kilometers (4,060 feet) in a northeast direc
tion (about N53°E) and is fitted with a grouted 
pre-cast concrete-pipe liner 3.8 meters (12.5 feet) 
in diameter. Flood water from the brook enters 
a 5.2 meter (17 foot) diameter intake shaft and 
flows through the tunnel at a depth of about 56 
meters (180 feet) under Quincy Center to rise up 
through a 5.8 meter (19 foot) diameter outlet 
shaft near the shore (see Figure 7-45). The ffrst 
49 meter (160 foot) section from the outlet shaft 
was mined by drill and blast, and the rest was 



excavated through rock by a TBM. The tunnel 
work for the U.S. Army Corps of Engineers cost 
$24 million. The repairing of the culverts 

. upstream and reconstruction of the Old Quincy 
Dam (which now lies in Braintree), along with 
an earth filled dike along the north shore of the 
reservoir, increased cost by about $15 million. 
The tunnel construction started November 1993 
and was completed by January 1995. 

The top of the rock along the tunnel align
ment varies in depth (see Figure 7-45) between 
about 6 meters (20 feet) MSL to -30 meters 
(-100 feet) MSL for a relief higher than that of 
the surface (U.S. Army Corps of Engineers, 
1986). The low point lies in a north-trending 
trough that passes south of Hancock Street and 
reaches below elevation -40 meters (-130 feet) 
MSL (Metcalf & Eddy, 1980). The thickness of 
the overburden above the tunnel ranges from 
4.6 meters (15 feet) to 38 meters (125 feet). Till 
up to about 14 meters (45 feet) thick fills the 
trough, but is thin to absent elsewhere. A thin 
patchy dense sandy silt to silt 3 to 5.5 meters (10 
to 18 feet) thick lies above and beneath a sand 
and gravel unit, 3 to 24 meters (10 to 80 feet) 
thick, which forms most of the glacial deposit. 

, Heterogeneous fill forms a generally 1.3 to 3 
meter (4 to 10 foot) thick cap, and increases to 
about 9 meters (30 feet) locally. At the north
eastern end near the Town River Bay where the 
top of the rock is at an elevation of about -15 
meters (-50 feet), the overburden section dif
fers. At that location, about 9 meters (30 feet) of 
a deposit of silty fine sand and silt, with clay in 
the lower part, is present between the rock and 
the surficial sand and gravel layer. This layer is 
about 6 meters (20 feet) thick and covered by 
organic silt and peat that varies from 1.4 to 3.7 
meters (4.5 to 12 feet) in thickness. 

The bedrock tunnel intersects the intrusive 
contact of the Late Ordovician Quincy Granite 
with the Cambrian Argillite of the Weymouth 
Formation and the fault contact with the 
Cambridge Argillite lies at the northeast end 
of the tunnel. The southwestern 797 meters 
(2,615 feet) of the tunnel is in granite and the 
northeastern 441 meters (1,445 feet) is in 
argillite. The contact zone lies (see Figure 7-45) 
approximately at tunnel Station 14+45 (U.S. 
Army Corps of Engineers, 1986; Lachel & 
Associates, 1996). The Weymouth Formation 

at the northeast end is light bluish-gray and 
the remainder appears light to dark-gray. It 
locally contains interbedded tan, light green
ish-gray and white limestone, calcareous 
sandstone and quartzite. Previously, Kaye 
(1983d) noted calcareous nodule zones in the 
light- to medium-gray bedded argillite typical 
of the Weymouth, which he thought was 
affected by contact metamorphism. The 
Weymouth strata are laminated locally. The 
Quincy Granite is medium to coarse-grained 
and light-red, pinkish-gray, yellowish-gray 
and banded white and black in color. 

The nature and geometry of the contact is 
complex, with small to large xenoliths of 
argillite within the granite and dikes of granite 
in the argillite. The argillite is altered to horn
fels and shows some fracturing at the contact, 
which strikes to the northwest and dips steeply 
,to the southwest. The granite becomes medi
um- to fine-grained near the contact. 

The granite has numerous joints, but general
ly has a very high RQD (U.S. Army Corps of 
Engineers, 1986). It is offset by both relatively 
small shear and brittle faults. The latter may be 
calcite-filled or quartz-filled breccia zones. Many 
fractures have clay, calcite, quartz and chlorite 
veins. In addition, altered argillite seams, which 
are throughout the granite, ranged from several 
centimeters to 1 meter (a few inches to several 
feet) in thickness that strike N65°W and N80°~ 
with dips of 63 degrees northeast and 58 degrees 
northeast, respectively. At least some of these 
veins and seams are along faults. The RQD of 
the argillite is variable and much of it is poor to 
very poor due to close to very closely-spaced 
joints, and sheared, slickensided and brecciated 
fault zones. 

The exploration program indicated that 
there were (U.S. Army Corps of Engineers, 
1986): 

I 
"two major fracture zones within the site. 

The first, located within the granite east of 
the inlet shaft, consists of a highly fractured 
brecda zone rehealed with quartz and with 
occasional slickensides. The second zone, 
located within the argillite west of the outlet 
shaft, is several hundred feet wide and con
sists of very highly fractured and slicken
sided shattered rock" (see Figure 7-46). 
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' FIGURE 7-45. Section of the Town Brook Tunnel showing contact of Quincy Granite and. 
Cambridge Argillite (view northwest along the northeasMrending tunnel). 

However, these zones were reported as lesser 
breaks during the consh·uction of the tunnel and 

' caused no unusual problems (Lachel & 
Associates, 1996). Their mapping during con
struction revealed many important details. The 
southern fracture zone has mylonite, re-(ement-

ed quartz and vugs, and this fracture zone con
trols the low sag in the bedrock surface above 
the tunnel. The northern faulted zone separates 
northeast from southwest dips in the argillite 
and is most prominent as a 4.5 meter (15 foot) 
wide disrupted zone between Stations 1 + 15 to 
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FIGURE 7-46. Detailed map of the Town Brook Tunnel near northeast end (Stations 0+80 to 
2+00) showing bedding and shear zone in Cambridge Argillite with cavity (black) and less
er amount of observed data in the TBM portion of the tunnel. 
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1+30 (see Figure 7-46). To the northeast and in 
the outlet shaft, the attitude strikes 58 degrees 
north to 88 degrees west with a dip of 60 to 85 
degrees northeast. To the southwest, the attitude 
strike also is to the northwest , but the dip is 40 
to 75 degrees southwest. This strike is described 
as a fold by Lachel & Associates (1996), but the 
geometry indicates that it is a fault. 

Overall, the jointing is moderate. The dom
inant joints in the granite strike betwee.n NS to 
35°E and N57 to 78°W, with dips of 35 to· 85 
degrees southeast and 43 to 72 degrees north
east, respectively. Two dominant joint sets 
seen in the argillite in the oriented core from 
the borings both strike northeasterly with one 
dipping to 60 to 85 degrees southeast, and the 
other 40 to 45 degrees northwest, but the dom
inant joint sets in the outlet shaft strike NlO to 
49°E and N20 to 75°W, with dips of 70 to 85 

degrees northwest and 45 to 75 degrees south
east, respectively (Lachel & Associates, 1996). 
The dominant joint attitude in the inlet shaft is 
northwest with a steep southwest dip. 

Fewer areas needing support were found 
than expected. Additional rock bolts and wire 
mesh were needed at one location near the 
northeast end of the tunnel and another loca
tion in the faulted zone in the argillite. In the 
weathered granite rock, closely-spaced joint
ing and an argillite seam required additional 
bolts and mesh at several areas. The water 
inflow at the completion of the outlet shaft 
reached 0.8 cubic meters per minutes (200 gal
lons per minute), of which only 0.06 cubic 
meters per minute (15 gallons per minute) was 
from the overburden, which had been essen
tially sealed off. Inflow in the tunnel section in 
argillite was generally insignificant except for 
a few local zones of 0.08 cubic meters per 
minute (20 gallons per minute) in the argillite. 
The granite sectton of the tunnel, however, 
produced a total of approximately 1.9 cubic 
meters per minute (500 gallons per minute) 
from over a hundred separate inflows, most of 
which were less than about 0.008 cubic meters 
per minute (2 gallons per minute), but there 
were nine sites with inflows up to 0.06 cubic 
meters per minute (15 gallons per minute). 
Subsequent overburden aquifer water prob
lems developed because the tunnel resulted in 
sufficient dewatering of the overlying materi
al to cause serious low water and even no 
water at times in the overlying Town Brook, 
which was once a significant spawning 
ground for smelt. This problem continues and, 
based on subsequent investigations, a plan 
was drawn up in 2011 to restore flows unnec
essarily diverted to the tunnel. 
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