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The Altoona Reservoir System stands today as a remarkable  

example of outstanding 19th century waterworks engineering.  

Located near the base of the Allegheny Mountains where trains make their 

climb westward by way of the world famous Horseshoe Curve, an integrated 

system of dams, levees, channels, tunnels, and weirs were designed to provide 

not only capacity, but enhanced water quality. This system is still functioning  

as designed and still serving the region over 135 years later.
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Kittanning Point Dam And Spillway, 1887 (Horseshoe Curve In Background) 

1895 Lithograph Of Altoona Works Of The Pennsylvania Railroad

Kittanning Point Reservoir And Horseshoe Curve, 1899
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In 1849, the PRR (Pennsylvania Rail Road) founded the city of Altoona as 
the site for a rail car shop and maintenance complex. At the time, most major 
industries were located alongside large rivers with ready access to water, but 
Altoona was an upland area with swampy ground and no water. The city’s water 
had to be collected, stored and piped in from miles away. As the rail industry 
grew, (it would become the largest railroad manufacturing and repair center in 
the world) so did Altoona’s population, and the need for a reliable water system 
became critical. 

By 1871, efforts were underway to provide water to the growing city and its 
residents. A proposed location was near the Horseshoe Curve where the 
embankment spans to two ravines formed by Kittanning Run and Glen White 
Run. This site had the best potential in terms of stream flow, elevation and 
proximity to the City and so a small intake was built below the Horseshoe 
Curve. In 1881, the City of Altoona, under the direction of City Engineer 
Thomas Seabrook, began construction of a larger dam at the intake site, but 
the controversial project was not completed because of cost overruns and 
political complications. After resolution of contractor litigation and a change of 
engineers, the dam was finally completed in 1888 by Campbell & Co., Altoona. 
It was built to a height of 45 feet with a masonry spillway and intake structure. 
Known as Kittanning Point Reservoir, this 65 million gallon reservoir later 
proved to be too small for a population that by 1890 had reached 30,000. 

This project marked the appearance of Charles W. Knight, a civil 
engineer from Rome, New York, who would become the design 
engineer for this and subsequent improvements to the Altoona water 
supply system. Mr. Knight designed over 60 waterworks projects from 
1878 through 1921, including systems in Rome and Schenectady, 
New York, and DuBois, Uniontown and Greensburg, Pennsylvania. 

Like many 19th century engineers, Knight had no formal engineering 
education, but attained proficiency through practical experience 
and self-study. Through his own efforts, Knight became proficient as 
a hydraulic engineer and gained notoriety for his innovative water 
projects. The Altoona reservoirs are considered his masterwork.

Although heavily forested today, the watershed then was an active 
timber and mining district. Coal was mined for the large furnaces and  
steam engines at the PRR Altoona Works and for the coke ovens that lined  
Glen White Run. By 1890, heavy timbering had practically denuded the 
watershed. Coal waste and timber debris accumulated. As a result, floodwaters 

C.W. Knight, Civil Engineer
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Debris Removal From Reservoir

Flood Debris Accumulation

Upper Altoona Reservoirs and Bypass Channel System (From The Engineering Record, Sept. 23, 1899)
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routinely deposited sediment into the reservoir, diminishing its capacity and 
creating dirty water for days. Mindful of the constant threat of waterborne 
diseases such as typhoid fever and dysentery, the public clamored for action.  
The city turned to Engineer Knight who devised an innovative solution.

Knight proposed a levee and bypass system that would allow the City to 
divert normal stream flow into the reservoir while bypassing turbid floodwater 
downstream in an adjacent bypass channel. For additional water supply, Knight 
also planned a new 370 million gallon reservoir. Known as the Impounding 
Reservoir, it would be filled from the overflow of Kittanning Point Reservoir 
and protected from flood flow by extension of the bypass channel. This plan was 
adopted by the City and design work commenced in 1892. 

The reservoir and a mile-long levee and floodwater channel were constructed 
from 1893 to 1897. In 1899, a leading industry publication, The Engineering 
Record (now Engineering News-Record), published an extensive article and map 
of the upper reservoirs system, and the New England Water Works Association 
also featured the system in its publication.

Upper Floodwater Channel And Levee

Engineer Knight had to devise a method of directing floodwater around the 
reservoirs at an alignment and grade such that normal stream flow could be 
admitted by gravity to the impoundments. This was accomplished by the 
construction of a levee and stone masonry bypass channel with an intake 
chamber installed in the channel bottom. 

Knight designed a 900 foot earth levee across the valley at the upper reservoir to 
direct all stream flow to the head of an intake on Burgoon Run at the juncture of 

Kittanning Reservoir Intake, 1897 Bypass Channel Kittanning Intake, 1897
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Masonry Floodwater Channel Along Impounding Reservoir, 1897

Levee, Intake And Floodwater Channel From Horseshoe Curve, 1897

Masonry Floodwater Channel At Impounding Dam, 1897



7

Glen White and Kittanning Runs. A sunken masonry chamber with iron grates 
was built across the channel bottom and a 24 inch cast iron pipe (with valve) 
was extended to admit water into the reservoir. This structure forms the inlet for 
all the water entering the reservoirs, as the supply for the lower basin passes first 
through the upper reservoir. In addition, a 100 foot wide emergency masonry 
spillway placed 6 feet above the channel bottom was constructed to divert excess 
floodwater into Kittanning Point Reservoir. 

The final bypass component was the construction of a 4,500 foot long masonry 
channel extending from the Kittanning Point intake to the Impounding Dam 
spillway. A 20 foot wide trapezoidal channel made of cut sandstone paving 
blocks was laid at a constant 2% grade. Over 110 stonecutters and masons were 
employed in this work, some coming as far away as Massachusetts and Indiana. 
All work was completed from August to November 1897 including quarrying, 
shaping and laying of the masonry. The contractors were Jutte & Foley, 
Pittsburgh (levee/intake/channel) and W. Stahl & Sons, Altoona (channel 
masonry).

The upper bypass channel system, including floodwater channel and levee, 
was constructed from 1895 to 1897. This remarkable example of 19th century 
masonry work has stood the test of time and shows no signs of deterioration over 
the last 120 years. 

 

Original Drawing Of Kittanning Point Dam Intake Structure
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Principal Overflow Spillway - Impounding Dam, 1897

Impounding Reservoir, 1897 (Horseshoe Curve And Kittanning Point Dam Beyond)

Emergency Spillway - Impounding Dam, 1897
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Impounding Dam, 1897

Impounding Reservoir

Built in 1896 with a capacity of 370 million gallons, the Impounding 
Reservoir received water from the overflow at Kittanning Point 
Dam. The Impounding Dam was an earth dam, 60 feet high with a 
crest length of 1,000 feet. A masonry spillway at the left abutment 
received floodwater from the bypass channel and reservoir overflow 
from a 25 foot wide principal spillway. An emergency reservoir 
spillway, 100 feet wide, was built adjacent to the principal spillway. 
Water was piped to the City through an intake tower and 16/24 inch 
mains. Collins & Martin, Altoona, was the contractor.

Water Shortage Crisis

By 1900, the City water supply was again inadequate for a population doubled 
in size and made worse by chronic drought conditions. Water restrictions and 
rationing were the order of the day. Droughts also restricted the work of the PRR 
shops, which were then using 10 million gallons of water per day. At times, water 
restrictions forced the PRR to haul water from out of the area by train into its 
shop complex. This lack of water threatened the viability of both the City and 
the railroad.

In a desperate bid to find new water sources, both the City and the PRR studied 
every mountain stream between Blue Knob and Tyrone as a possible water 
source. These competing interests often resulted in litigation over water rights. 

Impounding Dam Spillway Channel, 1897
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Lake Altoona Reservoir And Bypass Channel System

Impounding Dam Spillway Floodwater Discharge, 1897

Satellite Image – Altoona Reservoirs And Bypass Channel System
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For its part, the railroad created its own water company and embarked on an 
aggressive program of building water reservoirs and installing water mains. For 
Altoona’s leaders, an immediate crisis was at hand and in 1902, the city turned 
again to Engineer Knight for help.

Lake Altoona Dam and Bypass System

After reviewing many options, Knight concluded that a third dam — larger than 
any previously considered — be built below the Impounding Reservoir. Known 
as Lake Altoona, the new reservoir would have a storage capacity of 800 million 
gallons, adequate for a population of 100,000. However, an old problem again 
confronted Knight — how to bypass floodwater pollution around his massive 
reservoir and made more difficult by a small, intervening tributary known as 
Scotch Gap Run.

Scotch Gap Run Diversion’s Unique Design

Scotch Gap Run proved to be a major physical impediment. Years earlier, Knight 
had designed a water tunnel diversion through the Continental Divide to the 
City of DuBois, PA. For Altoona, he proposed a similar solution by driving a 
gravity tunnel from the Impounding Dam bypass channel to the Scotch Gap 
Run watershed. Instead of building a high-level aqueduct above the streambed, 
Knight proposed to build a small dam to be filled with water from the tunnel 
outlet. The overflow spillway for this dam would then form the head of a new 
floodwater channel around Lake Altoona. This bypass system would safely 
discharge all floodwaters below Lake Altoona into Burgoon Run. 

The Scotch Gap Run diversion system is one of the most unique hydraulic 
structures in central Pennsylvania. By means of a diversion 
tunnel, storage basin and bypass channel, this bypass system would 
preserve the capacity and water quality of Lake Altoona. 

The diversion tunnel was completed in 1908 and consisted of a 
9 foot diameter horseshoe-shaped conduit, 1,275 feet long and 
laid at a grade of 1.29%. Compressed air jackhammers were used 
to remove rock and the entire section was formed and lined with 
concrete. A 12 inch sewer was offset from the pipe invert for 
conveyance of sewage and mine drainage around the reservoir.  

Original Drawing Of Tunnel, 1906
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Workers Forming Tunnel Lining, 1907

Inlet To Diversion Tunnel At Impounding Dam, 1907

Tunnel Outlet At Scotch Gap Run Settling Basin, 1908
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A large concrete outlet structure was constructed about 10 feet above the level 
of Scotch Gap Run Dam. Total tunnel rock excavation was 5,400 CY while 
3,500 CY of concrete was poured for the tunnel lining and outlet structure.

Scotch Gap Run Dam and Settling Basin

Scotch Gap Run Dam performed several important functions which were 
incorporated into a unique hydraulic design by Engineer Knight including:

1. Economically connect the diversion tunnel to the head of the 
Lake Altoona bypass channel by gravity

2. Impound debris-laden flow which, after a period of years, would 
fully silt the reservoir and allow for future construction of a 
bypass channel across the basin 

3. Provide potable water storage during the intervening period

4. Incorporate a bridge into the spillway to allow highway traffic 
on Kittanning Point Road

Scotch Gap Dam was built in 1908 as an earthen structure with a storage 
capacity of 17 million gallons. The dam was 35 feet high with a crest length of 
300 feet. A unique spillway structure was designed with three openings, two of 
which flowed to an overflow spillway while the other opening (with a lower weir 
elevation) discharged to the Lake Altoona bypass channel. The earthwork and 
concrete quantities were 50,000 CY and 500 CY, respectfully.

Earthwork Construction, Scotch Run Gap Dam, 1907
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Overview Of Scotch Gap Run Reservoir From Tunnel, 1908

Overview Of Scotch Gap Run Dam And Tunnel Outlet, 1908

Concrete Mixing Plant - Scotch Gap Run Dam, 1907
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Lake Altoona Bypass Channel

A 2,200 foot long concrete bypass channel was constructed to convey turbid 
floodwater around Lake Altoona. It extended from the Scotch Gap Run Dam 
overflow to the Burgoon Run stream channel located below Lake Altoona dam. 
Completed in 1908, this construction represented the final part of Engineer 
Knight’s nearly 2-mile long reservoir bypass system. 

Lake Altoona Dam

Pouring Concrete At Lake Altoona Bypass Channel, 1907

Head Of Lake Altoona Bypass Channel At Scotch Gap Run Dam, 1908
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Lake Altoona Cofferdam And Cutoff Trench Excavation, 1908

Bypass Channel Discharge To Burgoon Run Below Lake Altoona Dam, 1908

Steam Shovel Loading Embankment Material Into Dirt Car Train, 1910



17

Lake Altoona Dam was a large construction project in its own right, involving 
500,000 cubic yards of earth embankment, a concrete core wall and large intake 
structure. As one of the largest dams in the state, it was constructed over seven 
years, from 1906 to 1913. It was 1,650 feet long and 66 feet high with a storage 
capacity of 500 million gallons. The dam was not constructed to its full design 
height of 90 feet because funds obligated by a City bond issue were exhausted at 
the point where the dam height was 66 feet. In 1929, the dam was raised to its 
present height (80 feet) and capacity (835 million gallons). 

The project’s first phase was the construction of the bypass system including 
the diversion tunnel, Scotch Gap Run Dam, Lake Altoona bypass channel, 
partial intake structure, reservoir drain and intake pipes and dam foundation 
work (cutoff trench excavation, grouting, concrete core wall and puddle core 
material). Daniel O’Rourke, Contractor, Altoona, finished this work in 1909. 

The second phase included placement of earth embankment material, reservoir 
clearing, completion of the concrete core wall, spillway, intake tower and 
mechanical piping, slope protection and access bridges. The work was performed 
from 1909 to 1913 by Carothers Construction Co., Greensburg, PA. The total 
amount of earth embankment placed was 560,000 cubic yards and 33,000 CY of 
structural concrete for the intake tower and core wall. 

With the completion of Lake Altoona in 1913, the City had secured its future 
with over a billion gallons of water available for growth and development. For 
this reason, a debt is owed to the decades of citizens who voted for every loan 
and bond issue that made the work possible — a $100 million investment if 
replicated today. 

Lake Altoona Bypass Channel, 1908
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Cutoff Excavation And Concrete Core Wall With Steam Derrick Hoist, 1910
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36" Cast Iron Intake Pipe And 60" Cast Iron Dam Drain
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Overview Of Lake Altoona Dam Construction, 1911

Steam Locomotive Hauling Dirt Car Train (Intake Structure In Background), 1911

Overview Of Lake Altoona Dam Construction, 1911
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The Superintendents

A constant throughout this period was City Water Superintendent Samuel 
Gailey, whose career exactly matched the construction time frame of the 
reservoir system. This dedicated public servant oversaw the great expansion 
of the water system and supervised the construction of the reservoirs and 
distribution system. George Beal, who later became a state dam official, 
supervised the construction of Lake Altoona for Engineer Knight.

Historical Significance

The importance of the Altoona Reservoirs as a unique waterworks system was 
immediately recognized by the engineering community. C.W. Knight was asked 
to present a paper to the New England Water Works Association (NEWWA) 
on September 13, 1899. His treatise, entitled “Flood-Water Channel of the 
Altoona, PA Reservoirs,” was later reproduced in the NEWWA Journal and 
Engineering News-Record.

Prominent engineers have evaluated the system through the years and 
commented on its importance. Allen Hazen, the famous Boston waterworks 
engineer and Panama Canal consultant, evaluated reservoir system capacity for 
the City of Altoona in 1921. His report notes, “…the substantial character of 
the works…were fully up to the engineering practice of the times… the spillways 
and flood channels are of ample proportions…this reflects credit on Mr. Knight 
as engineer of the works…”. 

No mention of these reservoirs can be made without reference to the World 
Famous Horseshoe Curve, itself a National Park Service Historic Site and ASCE 
Civil Engineering Landmark. Constructed in 1854 using only draft animals 

Horseshoe Curve

Samuel Gailey, 
Altoona Water Superintendent
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Kittanning Point Reservoir Floodwall Along Bypass Channel

Kittanning Point Reservoir Upstream Spillway At Stream Intake

Kittanning Point Reservoir Downstream Spillway Along Bypass Channel
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and manual labor, the Horseshoe Curve made possible the surmounting of the 
Appalachian Mountain barrier for train travel. This mammoth earthwork totally 
encloses the reservoirs and makes for a most picturesque setting. A National 
Park Service Visitors Center provides information on its significance including 
references to the Altoona Reservoir System.

As trains make their way around the Horseshoe Curve, passengers on board can 
take in the beauty of the blue reservoirs below. By virtue of their high visibility 
on the New York-to-Chicago mainline, these reservoirs have been a visual 
delight to train travelers for over a century. 

The Men and Machines

Beyond all of the engineering challenges and practical difficulties related to 
these monumental efforts are the people who built and operated the system. 
Hundreds of workers, skilled and unskilled alike, of all races, creeds and 
nationalities, were employed in these works. This period was also marked by a 
historic transition in construction methods from manual labor and draft animals 
to steam-powered equipment. Most of the rare photos throughout this brochure 
were commissioned by Engineer Knight, and are a remarkable record of this time 
and the men and machines that built the Altoona Reservoir System.

Changes to the Reservoir System

After 1913, the only alterations to the system were simply to increase the capacity 
of Lake Altoona Dam (800 million gallons) and to channelize the streams above 
the Kittanning Point Intake in 1929. Although many of the abandoned mine 
sites were restored and the watershed became reforested, the effects of acid mine 
drainage took a toll on drinking water quality and so a water treatment plant was 
added in 1970. Ironically, although subsequent concrete work was deteriorating, the 
original stone masonry channels remain unaffected by acid mine drainage.

The passage of the National Dam Inspection Safety Act of 1972 refocused 
attention on the Altoona Reservoirs, which were found to be hydraulically 
deficient based on new “probable maximum flood hydrology” criteria. The 
resulting $30 million dam safety upgrades were constructed from 1984 to 
1999 involving new spillways, floodwalls, stability improvements and channel 
rehabilitation. Remarkably, these dam rehabilitations were the first such projects 
since their original construction. 
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Impounding Dam Stability And Seepage Improvements With Intake Tower

Impounding Dam Spillway And Water Treatment Plant

Entrance To Diversion Tunnel At Impounding Dam
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Altoona Reservoir System Today

Over the next century, the reservoir system would be operated, maintained 
and improved by many faithful stewards. Today, the Altoona Water Authority 
operates the reservoir system as a key component of a regional supply system 
serving the needs of 75,000 residents. 

On September 25, 2017, the Altoona Reservoir system was formally 
designated an American Water Landmark by the American Water 
Works Association. Over the last 50 years, it is only the third water 
system to be so honored in the Commonwealth of Pennsylvania.  
The Altoona Reservoir system has finally achieved the prominence  
it so richly deserves.

The Altoona Reservoir System was thirty years in the making during the dawn 
of the industrial age and the unparalleled growth of the country’s major railroad 
and the city it relied upon for its workforce. It provides the perfect backdrop to 
the world famous Horseshoe Curve. But the breathtaking beauty of the vista 
belies its century-old functionality: the provision and protection of abundant 
water easily delivered to the valley below. Just as it was meant to do, the system 
still functions as originally designed.

Kittanning Point Reservoir At Horseshoe Curve (Courtesy, ASCE Magazine, January 2015)
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Impounding Dam Principal Spillway

Impounding Dam Emergency Spillway With Inflatable Rubber Dam
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Lake Altoona Dam Side Channel Spillway And Bypass Channel

Lake Altoona Spillway, Intake Structure & Floodwall

Lake Altoona Bypass Channel Rehabilitation Lake Altoona Dam Side Channel Spillway
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