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The Rise of Dam Removal in New England

• Primer on dams and sedimentation in 
reservoirs

• History of dam removal in New England; 
local examples; dam removal as a stream 
restoration activity

• What we have learned from 10 years of 
studying the removal of the Merrimack 
Village Dam on the Souhegan River, NH?



Dam construction in the U.S., 1800-2003 (Syvitski, 2011)



Run-of-the-river dams

reservoir

dam

Qin = Qout

∆storage = 0 

Examples:
• small dams
• some water supply
• hydropower
• most dams in New England



Jerrey Roberts, Daily Hampshire Gazette, March 19, 2018

Run-of-the-river dam:
Upper Bondsville Dam, Swift River, MA



1868 from the South Hadley Historical Society



Flood-detention reservoirs

reservoir

dam
most of the time

Qin = Qout
∆storage = 0



Flood-detention reservoirs

reservoir

dam

Qin > Qout
∆storage > 0

during floods



Flood-detention reservoirs

reservoir

dam

Summary:
• empty until filled with flood water
• mostly run-of-the-river
Examples:
• Dams on the Connecticut and Merrimack Rivers

• US Army Corps of Engineers

after floods
Qin < Qout

∆storage < 0



Flood control dam:
Tully Lake, MA
(USACE)



Flood control dam:
Ball Mountain Lake,
West River, VT
(USACE, 1999)



Multi-purpose storage reservoirs

reservoir

dam

Qin ≠ Qout

∆storage on a daily basis
for power generation

Summary:
• store water for supply, power generation
• keep space for flood storage
• requires forecasting of floods and droughts

• seasonal effects (snowmelt)

Examples:
• Quabbin Reservoir, MA
• Big dams in the western US (e.g., Hoover Dam, 

Glen Canyon Dam)
• US Army Corps of Engineers, Bureau of Reclamation

• Three Gorges Dam, China



Quabbin Reservoir and Winsor Dam, Swift River, MA, 1946 (massmoments.org)
170 ft (52 m) high, 412 billion gallons of water storage (1.56 km3)



Glen Canyon Dam, Colorado River, AZ/UT
316 m tall, 32 km3 of storage, 1300 MW power generation



Some motivations for dam removal

• Public safety
• Owner liability
• Maintenance expense
• Stream restoration
• Fish passage
• Research opportunity: river 

response to a change in 
sediment load

Dam removal in the U.S.
(O’Connor et al., 2015)



(Magilligan et al., 2016)



Edwards Dam removal, Kennebec River, 
Augusta, Maine, July 1999 (NRCM)





From Friends of the Kennebec Salmon: “On 10 June 2004 we observed a large number blueback 
herring, a native sea-run fish of the Kennebec River, spawning in Messalonskee Stream in Waterville, 
Maine. To our knowledge, this is the first documentation of these fish spawning in Messalonskee in 
nearly two centuries.”



Source: PRRT/penobscotriver.org





Veazie Dam, Penobscot River, Maine (July 2013)











Bartlett Rod Shop Company Dam removal, Amethyst Brook, Pelham, MA, November 2012
(Photo by A. Hackman, MA Department of Fish and Game)

Amy Singler, associate director of the 
river restoration program at American 
Rivers, speaks on the history of the more 
than 200-year-old timber dam discovered 
in Amethyst Brook.
(L. Newberry, MassLive, 2014)



Harvard Pond dam, March 2019



10/4/2018



P. Franz, Greenfield Recorder, 12/13/2018



Stream restoration

Definition: The process of assisting the recovery of an 
ecosystem that has been degraded, damaged, or 
destroyed.

What is the goal of stream restoration?
• Return to pre-disturbance reference conditions

In North America: What did the ecosystem look like prior to 
European settlement?

• Make the ecosystem resilient to future changes
Acknowledges that pre-European conditions are no longer 

relevant (urbanization, climate change, invasive species, etc.)







(National Climate Assessment, 2014)



Flood frequency results: 
increasing frequency 
since 1970

• 72 of 90 gauges (80%) show 
↑ POT/WY over time 

• 32 (36%) have p<0.1

after Armstrong et al. (2012) and Armstrong et al. (2014)



Hurricane Irene making landfall in NYC, 8:32 am EDT, 8/28/11 (NASA, 2011)



Hurricane Irene damage on Vermont Route 107 (VTRANS, 2011)



(Foster & Gould, Harvard Forest, 2006)



(http://www.moodyscollectibles.com)





West Branch, Sheepscot River, midcoast Maine (November 2004)



…the river system must be more self-
sustaining and resilient to external 
perturbations so that only minimal 
follow-up maintenance is needed.





The biggest dam removal of them all (so far): 
Elwha River, Washington



1913

1927

(National Park Service, 2013)



National Geographic (2016): https://www.youtube.com/watch?v=VipVo8zPH0U



(Understanding 
Earth, 2007)

Elwha River & Lake Aldwell, Washington



http://www.nytimes.com/2015/08/11/science/elwha-river-dam-removal-project-washington.html?_r=0



Sediment from the Elwha River flows into the ocean after dam removal.
(J. Felis, U.S. Geological Survey, public domain.)



Model of Elwha River at Lake Mills sediment erosion (Bromley et al., 2005)



(Foley et al., 2017, WRR)



Merrimack Village Dam, 
Souhegan River, NH
• First dam built in ca. 

1734, likely multiple 
breaches over the next 
~2 centuries

• Modern concrete 
structure built on top of 
an existing dam in 1907, 
spray skirt added in 1934

• Stored ~62000 m3 of 
sediment (Gomez and 
Sullivan Engineers, 2006) 
in the reservoir

• Removed in August 2008, 
3.9 m base-level drop

• We conducted 10 repeat 
surveys from 2007 to 
2018 

More: Pearson et al., WRR, 2011; 
Conlon, BC MS thesis, 2013; 
Santaniello et al, GSA book 
chapter, 2013; Collins et al., WRR, 
2017; Lisius et al., RRA, 2018





April 1947



May 2005



April 2010



Upstream from MVD03, April 2008



Upstream from MVD03, October 2008



sediment budget: 
input from Souhegan River = ∆US storage + ∆DS storage + output to Merrimack River

April 2010 (NH GRANIT)

MVD06







downstream response

impoundment response

RI > 30 yr

RI ≈ 10 yr

17%



Lessons from the MVD removal

• Two-phase response: initial rapid incision and 
widening in the channel (months); longer 
ongoing response driven by flood events, as 
well as feedbacks with vegetation, floodplain 
development 

• Reservoirs can be sediment sources during 
flood events, while overbank deposition 
occurs on adjacent surfaces inundated 
frequently due to raised base level (April 2007 
flood on the Souhegan River at MVD)

• Legacy sediment, stored outside of the former 
reservoir, extends the event-driven phase, 
and remains in valley bottoms for decades to 
centuries, even after dam removal (Johnson 
et al., 2019; Dow et al., in review)

August 2007



• Impoundment area: 32000 m2

• 62000 m3 of sediment (17% remaining)
• Dam-affected area: +60500 m2

• ~3.2 m average thickness above present 
water elevation (conservative max estimate, 
assumes all sediment above 34.5 elevation was 
deposited since dams were built, ca. 1734)

• ~190000 m3 of legacy sediment
• ~3x original impoundment sediment



South River watershed, Massachusetts:
• 5 intact dams and 32 breached dams
• 0.49 dams/km2

• 17 dams have been field checked for 
legacy sediment

• 14 dams show evidence for legacy 
sediment storage, up to 2.2 m thick (1.1 
m average)

• ~2.5 x 106 m3 of legacy sediment storage 
= ~4 cm of soil erosion



Dam removal, sediment, and river 
corridor management in New England
• Many dams do not store sediment

• Too small to influence hydraulics
• Too little supply upstream

• Where supply exists, sediment gets stored 
in the reservoir and adjacent surfaces

• The adjacent surfaces become legacy deposits, which 
persist, largely unchanged, for decades to centuries

• How important is this change in valley-bottom 
morphology?

• Generally supply-limited state of NE rivers 
means that sediment management after dam 
removal is less of an issue than other places

• As long as stored sediment is uncontaminated

Cut logs eroding out of the left bank, upstream of Head Tide Dam, Sheepscot River, Maine (July 2016)
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