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The Maid of the Mist Corporation (MOTMC) has operated the iconic Maid of the Mist beneath
Niagara Falls since the early 1900s. The company traditionally has provided trips from both the
U.S. and Canadian sides of the Niagara River. For years, a dry dock located on the Canadian
side, served as the winter storage and maintenance facility for the Maid of the Mist boats. The
boats must be stored about 20 ft above the lower Niagara River to protect them from ice build-up
at the base of the falls during the winter. The MOTMC recently lost access to the Canadian side,
requiring development of a new dry dock facility on the American side. Buildable space at the
base of the gorge is limited, and the site of the former Schoellkopf Electric Power Plant (Figure
1), approximately one-half mile downstream of Niagara Falls, was deemed a suitable location.
However, that location, combined with the geology and site history, presented several
geotechnical challenges that ultimately controlled the design and construction of the dry dock.
Site History
The New York State Office of Parks, Recreation and Historic Preservation (NYSOPRHP)
maintains a treasure-trove of geologic and historic information at the Discovery Center (Figure
1). Mining this information provided a fascinating glimpse into the past and served as the basis
for some of the key decisions regarding the development of the site.

Figure 1 - View of Schoellkopf site looking east from Canada before dry dock construction (photo
courtesy of the MOTMC)

The Schoellkopf Plant was constructed in two parts during the early 1900s. Station 3A was built
between 1905 and 1914 and was the first alternating current, electric-generating facility in the
U.S. Stations 3B and 3C were constructed between 1918 and 1924, using newer and different
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construction techniques than for Station 3A. Figure 2 shows the power station when it was in
operation. A rock slide in 1956 (Figure 3) destroyed Stations 3B and 3C, in part, because of the
different construction methods. Much of Station 3A’s structure survived the rockfall, including a
masonry facade covering the 200-ft high Niagara Gorge face and penstocks, the concrete tail
race structure, and an abandoned elevator tower.

Figure 2 - Schoellkopf Power Plant looking east (photo courtesy New York State Office of Parks
Recreation and Historic Preservation - NYSOPRHP)

Figure 3 - View Schoellkopf Plant after 1956 rock fall (photo courtesy of NYSOPRHP)
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Station 3A was repaired after the 1956 failure and generated power until the Robert Moses Plant,
located several miles north in Lewiston, NY, was completed in the early 1960s. Station 3A was
demolished in 1962. The 200-ft-high stone façade and the elevator tower were largely untouched
until the Maid of the Mist development.
Design Considerations
The dry dock facility includes a dry dock for winter storage of the Maid of the Mist vessels, a
permanent crane to transfer the vessels from the water to the dry dock, a support building,
walkways, and an access elevator from the top of the gorge, constructed inside the abandoned
Station 3A elevator tower.
Before the site could be considered as a viable location for the new facility, some fundamental
issues had to be evaluated, including: studying the cause of the 1956 rockfall that destroyed
Stations 3B and 3C and whether the new facility could be protected from future rock falls;
evaluating the condition and stability of the remnants of the 3A facility; and, determining
whether a new dry dock could be founded in the unique geologic conditions at the base of the
Niagara Gorge.
Other interesting aspects of this project include the extremely tight schedule (work could not
commence until April 2013, and the boats had to be out of the water by October 2013) and site
access restrictions (there was no vehicular access to the site, so all equipment and materials had
to be lowered some 200 ft into the Niagara Gorge by crane). Because of the fast-paced nature of
the project and the lack of access to the gorge during the initial design stages, design plans were
developed based on assumed subsurface conditions and were revised during construction as
subsurface information became available.
The Rockfall
A “perfect storm” of conditions combined in 1956 to cause the rockfall that destroyed Stations
3B and 3C. Key factors that led to the rockfall include the stratigraphy of the Niagara Gorge, the
rock structure, the history of development along the gorge, construction methods used to build
Stations 3B and 3C, and efforts to stop groundwater from flowing out of the gorge face.
Niagara Falls was formed some 12,000 years ago as glacial ice receded north of the Niagara
Escarpment (in what is now Lewiston NY), allowing water that was impounded behind the ice to
drain over the escarpment. Since then, the falls has eroded some five miles south to its current
location.
The 200-ft-deep gorge that the falls created is comprised from the top down of a hard dolomite
“cap rock” (called the Lockport Formation) underlain by weaker shales and siltstones (Rochester
Shale). The general processes that lead to rockfalls in the Niagara Gorge are illustrated in Figure
4. The rock in the region has vertical joints that are oriented in conjugate sets, one roughly
parallel to the gorge face and the other generally perpendicular to it. As the shales slake and
erode, dolomite overhangs are created. As erosion progresses, the overhangs eventually fail
along vertical joints and topple into the gorge. This creates piles of rock debris (talus) at the base
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of the gorge that eventually build up against the gorge wall and cover the shale. Once the shale is
covered, erosion slows, and the gorge walls become stable.

Figure 4 – Rockfall mechanism in the Niagara Gorge. Ref: “Preservation and Enhancement of the
American Falls at Niagara,” USACE, June 1974, PLT C-24

As shown in Figure 2, the gorge face was exposed above Stations 3B and 3C when the power
plant was in operation, but above Station 3A it was covered by a 200-ft-high masonry facade.
The talus that normally exists at the base of the gorge was removed to build the power stations,
leaving the shale exposed and free to erode above Stations 3B and 3C. During the plant
operation, removing weathered shale that accumulated behind Stations 3B and 3C was a
continual maintenance operation. Unknown at the time the plant was in operation, there was a
vertical joint nearly parallel to and within about 20 ft of the exposed rock face behind Stations
3B and 3C. This joint defined the back side of the failure.
Figure 5 shows that the rock behind Stations 3B and 3C was a series of vertical columns (labeled
“A” through “E”). The vertical separations between the rock columns (labeled “previous
excavations”) were a result of the development that occurred in the late 1800s along the gorge.
At that time the top of the Niagara Gorge was lined with industries that each generated electrical
power. Each industry made vertical excavations into the gorge face that served as discharge
points for the water after power was generated. The rock columns were bounded on the sides by
these industrial excavations and on the back by the vertical joint that was parallel to the gorge
face. These conditions rendered the rock columns essentially as free standing columns with little
resistance to toppling. With the support at the base of the columns continually reduced by
erosion of the shale, failure was only a matter of time.
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Figure 5 – Stations 3B and 3C during operation (Courtesy NYSOPRHP)

Construction and operation of Stations 3B and 3C also contributed to the failure. Water was
supplied to Stations 3B and 3C from the Upper Niagara River. The penstocks for Stations 3B and
3C were rock shafts that were excavated by blasting down through the dolomite and the
underlying rocks and exiting into the power stations at the base of the gorge.
Water leaking from the unlined penstocks combined with groundwater, then continually flowed
out of the rock face above Stations 3B and 3C, which resulted in a constant maintenance
headache for the power plant operators. In 1956, the operators decided to institute a grouting
program to reduce the water flow. A line of holes parallel to the gorge face was drilled down
through the rock formations to the base of the gorge and grouted.
On June 7, 1956, several weeks after the grouting program was initiated, a massive rockfall
occurred. It is likely that the grouting operations blocked drainage paths, causing an increase in
hydrostatic pressure behind the rock face, which triggered the rock fall. The rock columns
toppled into the gorge beginning from the south and progressing north to Station 3A, completely
destroying Stations 3B and 3C (Figures 6 and 7). The rock fall was preceded by a large increase
in water flowing out of the gorge face, presumably as rock joints opened up and excess water
pressure was relieved. The failure resulted in a large fissure in the area of the former crane pit,
between Stations 3A and 3B and C (see Figure 6).
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Figure 6 – Rock columns collapsing on Stations 3B and 3C – June 7, 1956 (Courtesy NYSOPRHP)

Figure 7 - View of Schoellkopf Plant after 1956 rock fall (photo courtesy of NYSOPRHP)
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Subsurface explorations were completed to assess the condition of the remaining slope in the
area of the 1956 rock fall. The explorations did not reveal conditions that would lead to large
scale rockfalls. As described in the following section, the design team recommended a program
of scaling to remove old foundations and loose rock overhangs and designed a rock fence to
protect the new dock. A question still remained however about the condition of the former
Station 3A. All that could be seen was the exposed exterior of the 200 foot high masonry facade.
The Remnants
Station 3A was built before Stations 3B and 3C and it was constructed differently. Instead of
exacerbating the natural rockfall mechanism of the gorge (as Stations 3B and 3C did), the
penstocks protected and reinforced the rock face. The rock at the top of the gorge was removed
to allow construction of a forebay and gatehouse at the top of the gorge. Instead of sinking the
penstocks into the rock, the penstocks extended horizontally from the forebay to the edge of the
bedrock gorge face, then turned 90 downward and followed along the bedrock face to the
powerhouse at the base of the gorge. The penstocks are 9 ft in diameter and consist of steel
plates, riveted together and enveloped in concrete that was placed in contact with the bedrock
face. A 4-ft–thick, stone masonry facade was built in front of and between the concrete
envelopes surrounding the penstocks. Water from the upper Niagara River that supplied the plant
was contained within the concrete-lined forebay and penstocks, preventing it from flowing into
the rock joints (as it did in Stations 3B and 3C).

Figure 8 – Construction of Station 3A (photo courtesy NYSOPRHP)

Pg. 8

The space behind the
facade but between the
concrete
penstock
encasements is open and
can be observed from
manholes located near the
top of the wall. Figure 9
shows the wall and the
manhole locations.

Figure 9 – View of Stone
façade covering Station
3A and manholes between
penstocks

The design team opened each manhole and observed the condition of the rock face, the back side
of the facade, and the concrete surrounding the penstocks. Figure 10 is typical of the conditions
between two penstocks.
The concrete surrounding
the penstocks is in good
condition, with only a few
tight cracks on the end
penstocks. The masonry is
also in good condition,
with little accumulation of
debris at the base of the
facade. The inside face of
the stone facade is covered
with a layer of mortar, and
there are no visible cracks
at the connection of the
masonry and the concrete
that covers the penstocks.
These
observations
revealed that the 200-fthigh masonry facade and
the rock face behind it are
in good condition.
Figure 10 - Looking into manhole between penstocks 4 and 5

The design team recommended removing loose rocks, repairing the mortar in some areas of the
masonry, and completely refurbishing the inside of the elevator tower. However, the
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investigations did not reveal potential large-scale failures that would preclude the planned
development.
Scaling
Subsurface explorations
were completed to assess
the condition of the rock
slope where the previous
rock
fall
occurred.
Borings drilled at an
angle from the top of the
gorge and exiting the rock
face above the former
Station 3B and 3C area,
as well as test pits that
exposed the rock surface
at the top of the gorge,
did not reveal open joints
such as the one that was a
factor in the 1956 rock
fall.

Figure 11 – Gorge cliff above the dry dock area prior to scaling

Although the explorations did not reveal conditions that would lead to large scale rockfalls, the
design team recommended a program of scaling to remove old foundations and loose rock
overhangs (see Figure
11). The team also
designed a rock fence to
protect the new dock.
Scaling operations were
completed by crews
working from ropes.
Figure 12 shows the
cliff after completion of
scaling operations. The
work resulted in a large
pile of scaling debris at
the base of the cliff that
covered much of the
exposed
Rochester
Shale Formation.
Figure 12 - Gorge cliff after scaling work completed

Pg. 10

The Fissure
The area between former
Station 3A and Stations
3B and C, known as “the
fissure,”
presented
several
geotechnical
challenges.
As shown on Figures 13
and 14, the Rochester
Shale
had
eroded
significantly since the
failure, covering the
elevator tower and the
southern remnants of
Station 3A with a 20 to
30 foot thick layer of
loose shale talus.
Figure 13 – Fissure and loose talus pile

The fissure area was
key to the Maid of the
Mist development. The
elevator tower would
provide access to the
facility for workers and
equipment. The talus
covering it had to be
removed and a tunnel
had to be driven
through the 11-foot
thick
stone/concrete
elevator tower wall to
provide access to the
new dock level. This
had to be done without
destabilizing
the
historic remnants of the
Station 3A and without
destabilizing the fissure
area.

Figure 14 – Fissure, elevator tower and loose talus pile
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A retaining wall, constructed from the top down, would allow removal of the loose talus while
providing support for the fissure area and the remnants of Station 3A. Borings drilled in the area
of the retaining wall revealed a 30 to 40 foot thick deposit of talus and debris from demolition of
the power plant underlain by sandstone (Grimsby Formation). Driving sheetpiles or soldier
beams through the talus and demolition debris was out of the question. Even drilling in soldier
beams using drilled
shaft
augering
methods was not
feasible. The design
team
decided
to
construct a drilled
mini-pile and wood
lagging wall, tiedback with two rows of
rock anchors. The
mini-pile rig was onsite
and
had
demonstrated that it
could drill through the
difficult conditions.
Figures 15 and 16
show
the
wall
construction.
Figure 15 – Micropile soldier and lagging wall under construction

Figure 16 - Micropile soldier and lagging wall under construction
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Because the wall is part of the permanent development, it was covered with a reinforced concrete
façade to blend in with the historic elevator tower and Station 3A remnants. Figure 17 shows the
final wall configuration and the opening that was created through the wall of the elevator tower.

Figure 17 – Final wall configuration and elevator tower opening

Dry Dock Foundation
Design and construction of the dry dock facilities also presented many geotechnical challenges.
A key issue was how to prepare a proper foundation. The dry dock consists of a retaining wall
(about 20 ft high) located next to the river and a reinforced concrete slab constructed on fill
behind the wall. In the middle of the dock is a 90-ft–high, permanent Liebherr Crane
(requisitioned from Austria) that would be used to lift the 125-ton Maid of the Mist boats in and
out of the water.
While the geology of the gorge walls is well known, much less is understood about the rock
conditions at the base of the gorge. The bottom of the gorge is covered with talus, but its
thickness and specific details about the rock formations underlying the talus were unknown at the
site.
The dry dock design progressed without any subsurface information because drill rigs could not
access the area until permits were secured. Also, a large crane (Manitowoc 888 Ringer Crane)
had to be erected to lift equipment into and out of the gorge. Preliminary design plans included
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micropiles to support the retaining wall and the previously mentioned Liebheer Crane.
Micropiles were considered an attractive option because the depth of the piles could be varied to
suit the geologic conditions.
Subsurface exploration work began in late May 2013 knowing the boats had to be out of the
water by the end of October. The results showed that a hard sandstone layer (Whirlpool
Sandstone) existed beneath the planned, permanent crane, but it was covered by about 50 ft of
talus, as shown in Figure 18.

Figure 18 - Subsurface conditions in dry dock area

Fortunately, the Whirlpool Sandstone extended just beyond the crane foundation and was
sufficiently thick to provide the required support for the micropiles. Unfortunately, this was not
the case everywhere beneath the dock. Sandstone was absent south of the crane, leaving only the
weak, underlying Queenston Shale at depths of more than 100 ft below the new dock.
Plans for the dry dock were modified to accommodate the variable rock conditions. Instead of
supporting the retaining wall on piles, the design team decided to move the retaining wall and
dock away from the river far enough to meet stability requirements. The retaining wall was
founded on a large spread footing supported on the talus. The crane remained in its originally
planned location, supported on micropiles founded in the Whirlpool Sandstone.
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Forty-eight, 7-in.-diameter micropiles were
installed around the circumference of the
crane foundation, each with a permanent steel
casing and a No. 28, galvanized reinforcing
bar. That’s a 3½-in.-diameter steel bar
extending the entire length of the pile and
grouted 20 ft into the Whirlpool Formation.
The piles were installed in two concentric
rows, one vertical and one battered with both
the vertical and the battered piles load tested
to 480 k. (Figure 19).
The contractor built the dry dock from midJuly through September 2013. It was an
amazing feat considering that every ounce of
steel, concrete, and equipment needed to build
it had to be lifted into the gorge by crane.
In late October, the Maid boats were lifted out
of the water onto the new dry dock,
demonstrating that the engineering and
construction creativity and perseverance that
built the power plant in the early 1900’s are
alive today.
Figure 19 – Pile load test on battered pile.

Figure 20 – View of completed dry dock from Canada prior to lifting boats – October 2013
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