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DESCRIBE THE PRESENT AND ORIGINAL (IF KNOWN) PHYSICAL APPEARANCE 

Beginning on the east bank of the Muskegon River and proceeding from east 
to west, the Croton Hydroelectric Plant consists of three distinct struc­
tures - an earth embankment, a concrete and brick powerhouse, and a con­
crete spillway. The embankment section is 200 feet long and 40 to 60 feet 
high, varying with the depth of the riverbed . It is approximately 200 
feet wide at its base, with slopes of 3:1 on the upstream face and 2:1 on 
the downstream face, culminating in a flat crest 20 feet wide. There is 
a reinforced concrete corewall, 1 foot wide and 42 feet high running the 
en~i~~ . length .. <;>£ t~e emb~~krqe~~'--~~d l<;>cated J?: feet . n~rt~ .~':lpstr_eam) . o,f . 
th~ crest C?f the. emo.ank~e!)t . .. Tpe ~o~~wall . res~s on a .. ~h~~t . st_ee~ piling_ 
cutoff driven 36 feet below. th~ riverbed, which prevents water from under-
minini 'i:he : co~ewal L . · .. . . . . - . . ·. . . . . .. .. . 

The p.owerhous~, which abuts .the .west end o.f the . emb~nk~ent ., is· a· 'brick ell­
shaped . building . res'ting on a reinforced concrete" foundation which rests on 
about 3,000 round oak piles. All exterior walls rest on sheet steel pil­
ings which act as cutoffs to prevent water from undermining the foundations. 
The powerhouse is 60 feet tall, with two gabled roofs supported by steel 
roof trusses. The easternmost segment, the Turbine Room, was originally 
46 feet wide and 100 feet long, but a small addition 10 feet wide and 50 
feet long was made to the southeast corner in 1915 when two new generators 
were installed. The second part of the powerhouse, originally the Genera­
tor Room, is 46 feet by 100 feet. Two reinforced concrete retaining walls 
extend 40 feet upstream from the northeast and northwest corners of this 
sec.tion to form a triangle which also serves as an anchor for a floating 
trash boom which keeps refuse out of the turbine pits. · A similar triangle 
is for.med by two reinforced concrete retaining walls extendipg 60 feet 
s outh from the south (downstream) facade of the Generator Room. A concrete 
training wall .extends an additional 140 feet south from the point of this 
triangle. 

The extant equipment includes the two original Westinghouse horizontal 
generators in the Generator Room, each rated at 3,750 K.V.A., 7,500 Volts, 
operating at 225 R.P.M . They are each driven by a pair of Allis-Chalmers 
quadriplex horizontal turbines with 44 inch Francis runners set in pairs, 
installed in 1915. Each pair of turbines is rated at 4,000 Horsepower 
when operated at 225 R.P.M . with a hydraulic head of 39~ feet. They have 
direct-connected exciters. The generators were orginally operated at 6,600 
volts and and the line voltage was stepped up to 100,000 volts with three 
delta-connected transformers of 3,000 kilowatts capacity. \~en the genera­
tor voltage was increased to 7,200 in early 1909, the result was approxi­
mately 110,000 volts on the high tops of the transformers. There are also 
a pair of vertical generators and the turbines which drive them, installed 
in 1915 at the east end of the Turbine Room. The generators are Allis­
Chaln'ters un i ts, rated at 1., .. 610 K. V. A. , 7, 500 Volts, operating at 150 R. P.M. 
and are driven by Allis-Chalmers vertical turbines rated at 1,750 B.P.H . 
when run at 150 R.P.M. with a head of 39 feet. 

The third major section of this plant is a reinforced concrete spillway 
which abuts the western end of the powerhouse and extends 242 feet to the 
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west bank of the Muskegon River. It is 90 feet wide and rests on round 
timber pilings, with sheet steel piling cutoffs at the upstream and down­
stream faces. There is a steel shutter gate 40 feet wide in the middle of 
the spillway, with four steel tainter (radial) gates, each 20 feet wide 
and 13 feet high on either side . The shutter gate is flanked by two rein­
forced concrete piers 110 feet long and 4~ feet wide, while the tainter 
gates are supported by piers of the same width, 35 feet long and 42 feet 
high . South of each set of four tainter gates is a concrete-lined tumble 
bay 30 feet wide and 90 feet long. South of the tumble bay is an inclined , 
reinforced concrete apron 250 feet wide and 200 feet long, varying from 
4~ to 2~ feet thick. 
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STATEMENT OF SIGNIFICANCE 

The Croton Hydroelectric Plant on the Muskegon River was one of Michigan's 
first large-scale electrical generating plants and was the site of signifi­
cant innovations in engineering, both- in the construction of the plant and 
in the transmission of the electrical power generated there. Because of 
its importance to civil and electrical engineering , dozens of engineers 
from all over the world visited Croton during and after its construction. 

This plant was the product of a long-term alliance of three talented 
Michiganians- William Augustus Foote, an Adrian native active in the elec­
tric power industry since 1886, chiefly as an entrepreneur and financier; 
his brother,James Berry Foote, an electrical engineering genius; and William 
G. Fargo, a civil engineer from Jackson who began building hydroelectric 
plants for the Footes in 1898. \J. A. Foote was heavily involved in elec­
trical utilities in Jackson. Battle Creek, Kalamazoo and Grand Rapids be­
ginning in the early 1890's and in 1904 bought a one-third interest in the 
Grand Rapids-Muskegon Water Power Electric Company, which acquired virtually 
all the lands and the riparian rights on the Muskegon River in June 1905. 
The enterprise had to be reorganized and refinanced in April 1906, when a 
new company was established, the Grand Rapids-Muskegon Power Company. In 
March 1906, the company opened the Rogers Hvdroelectric Plant which devel­
oped 6,000 horsenower and supplied electricity to Grand Rapids, 55 miles 
away, and to Muskegon over a transmission line extending 68 miles. As the 
Rogers Dam was completed, construction began at Croton, located about seven­
teen miles downstream from Rogers . 

The Croton plant was designed to develop 14,400 horsepower with a hydraulic 
head of 40 feet. It had more than twice the capacity of the Rogers plant. 
which was the largest in Michigan when it opened. By contrast,the immense 
NiagAra Falls generating olant developed 50,000 horsepower. Approximately 
two-thirds of the Croton plant was constructed of reinforced concrete, fol~ 
lowing tyoical contemporary engineering practices. However. in building 
the earth embankment dam, 300 feet long and containing 1041 000 cubic yards, 
Fargo moved the sand and gravel used for fill from a ne·arby hill by means 
of hydraulic sluicing. This was the first large-scale use of this technique 
east of the Mississippi. 

Fargo built a pumping plant at the river, using a total of seven rotary 
pumps of different manufacture, all driven by electric motors. to move 
water up a ten inch pipeline to a bluff about 110 feet above the river. 
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At the bluff, the line was reduced to four inches and water was fed into 
nozzles by means of four inch rubber hoses. The pressure of the water, 
about~O pounds per square inch at the nozzles, broke up the soil and the 
intermixed water and soil was diverted into sheet metal troughs which ex­
tended about 850 feet at grades of 6-8% to the point on the embankment 
where the material was deposited. The embankment was filled in sections 
to permit the water to drain off slowly, thus compacting the fill . 

The chief advantage of the hydraulic sluicing method was its cost. The 
total expenses of constructing the embankment, including depreciation of 
equipment, was only $7,076 or about seven cents per cubic yard of material 
moved. As part of the Croton project, Fargo also constructed a fill of 
20,000 cubic yards for a highway bridge approach downstream from the dam, 
utilizing hydraulic sluicing at approximately the same costs. 

Croton was also the site of significant breakthroughs in the transmission 
of electricity at high voltages . The Foote brothers wanted to reduce the 
power loss that resulted from long distance tran smission by increasing the 
line voltage from the 72,000 volts used on the Rogers line to the unprece­
dented pressure of 110,000 volts. The Rogers line used pin-insulators 14 
inches in diameter, the largest size that could be economically produced, 
mounted on wooden poles. These insulators were the best the electrical 
industry had developed up to this time, but they were not adequate to 
carry the projected voltage from Croton. While visiting the General 
Electric plant in Schenectady, New York, J . B. Foote discovered that E. M. 
Hewlett and Harold W. Buck were experimenting with a new insulator . The 
Hewlett-Buck system utilized five porcelin discs or "bells" , each ten 
inches in diameter, suspended from one another by wire and attached to 
the transmission tower. The Footes trieq this system but found that the 
hardware connecting the insulators tended to break the porcelin discs. 
J. B. Foote solved this problem by annealing pieces of line wire, thread­
ing it through the insulators , and attaching it to the discs with Crosby 
clips. 

The insulator innovation was critical but there were other significant 
innovations as well. For the transmission line, they used three-legged 
steel towers which rose to a point, commonly called "windmill" towers 
because they were originally designed to support farm windmills . The 
Footes preferred to use Number 2 stranded medium-hard copper wire for the 
conductor on this line , but because wire manufactureres were not equipped 
to produce this size, they instead used six strands of Number 10 medium­
hard copper wire cabled around a hemp center . When considered as an 
interrelated cluster of innovations , these developments in the design of 
insulators, towers, and conductors were not only immediately significant 
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in permitting the Croton transmission line to operate at unprecedented high 
voltages, but they also paved the way for further increases in transmission 
pressures. Three years after Croton was completed, the Foote interests 
opened a 140,000 volt transmission line from Cooke Dam on the AuSable River 
to Bay City, a distance of 125 miles. 

The Croton plant went into full service in July 1908 and aroused inter­
national interest. Dozens of foreign visitors including engineers from 
England, Russia, France, Italy, Japan, and India came to view the plant. 
Dr. Charles P. Steinmetz, the "wizard" of General Electric, conducted 
corona tests on the Croton transmission line in the fall of 1908. Croton 
not only attracted the attention of the international engineering community , 
but it also appealed to the imagination of the general public . In Septem­
ber 1907, when the plant was still under construction, the Footes promoted 
three railroad excursions from Grand Rapids to the dam location, involving 
more than 500 guests in all, including bankers, manufacturers, government 
officials and ordinary citizens. They were given a grand tour of the dam 
and powerhouse, as well as an elaborate dinner followed by expensive cigars. 
At the conclusion of the last dinner on September 11th, a group of fifty 
citizens from Holland, Michigan sang the "Song of Croton Dam," composed 
for the occasion by H. VanderPloeg of Holland and sung to the t'une of 
"Marching Through Georgia . " The lyrics reflect the enthusiasm generated 
by Croton: 

Sing a song of Croton Dam 
The biggest in the State . 

Where the water sizzles thru 
And things are up to date . 

Sing it with a hearty cheer 
As long as you can make . 

\.rhile we are riding to Croton. 

Chorus . 

Hurrah! Hurrah! we shout for Croton Dam . 
Hurrah! Hurrah! the biggest dam what am . 

And so we shout the chorus of the dam 
That given us light . 

As we are riding to Croton . 

How the water dashed o'er 
The dam that fills the creek. 

How it surges through the gates 
That sends it on its work . 

How the wheels are turning as 
The water rushes through 
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While we are riding to Croton. 

Chorus . 

Oh, the power, the light, the heat 
That darn does furnish us. 

Oh, the industries that hum 
That feel the electric touch . . 

Oh, the cities that are built 
Where'er that power is used 

While we are marching to Croton. 

Chorus . 

AUG I 6 Sl9 

The Croton Hydroelectric Plant is still in constant service and is kept in 
excellent condition by the Consumers Power Company. 
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Croton Hydroelectric Plant, ~~~~ 
Generator Room, Croton, Michigan, 
Charles K. Hyde, 6-2-1978, Michigan 
History Division, view from the 
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Croton Hydroelectric Plant, Croton, 
Michigan, Charles K. Hyde, 6-2-1978, 
Michigan History Division, view 
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