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INTRODUCTION

Glenwood Canyon,
one of nature's most beautiful
works, remained hidden from
modem man until this nation
was nearly one hundred years
old. Thanks to the resolute
efforts and unyielding
commitment of numerous
designers, engineers,
contractors and other
concerned citizens, this natural
treasure can now be
appreciated by all in a manner
never before possible. The
completion of Interstate 70
through this spectacular
canyon is true evidence of the
human ability to blend the
marvels of engineering with
the wonders of nature in a
manner that will surely set the
standard for future highway
construction projects in
sensitive terrain. To
commemorate the completion
of this extraordinary
achievement, the Colorado
Department of Transportation
has prepared this special
publication, with the hope
that it will convey to the
reader a vision of the effort
that went into the project and
of the end result of which all
participants can be justifiably
proud.
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The Rocky Mountains in Colorado boast some of the most spectacular scenery in
the world. With their high peaks, broad valleys and deep canyons, they are
Colorado's main attraction.

In Glenwood Canyon, the precipitous slopes and narrow confines became
famous for their beauty but provided little room for rail, river and road
transportation.



Motorists navigating the
narrow, winding U.S. 6 in
Glenwood Canyon had
little opportunity to enjoy
the Canyon's natural
beauty for fear of veering
off the road into the
Colorado River.

The selection of Glenwood Canyon as the corridor for the last segment of 1-70 started a
process that tested politicians and lawyers, environmentalists and citizens, designers and
builders. It was clear from the beginning that this final 12 miles of 1-70 would be no ordinary
road. Design teams like this one walked the entire length of the Canyon many times taking
measurements and checking the proposed alignment.

While the history
of the project has been
adequately addressed in
countless documents and
reports, it would be remiss not
to acknowledge at least some
of the key events that
culminated in its successful
realization. What may well be
the "crown jewel" of the
Interstate highway system, this
twelve-mile wonder could not
have taken shape without the
intense process that was driven
by a steadfast desire on the
part of all participants to
achieve excellence.

Ever since the
completion of the Denver &
Rio Grande Western Railroad
in 1887, this precarious
corridor has been recognized as
a critical link in the nation's
ground transportation
network. The existence of
various generations of
roadways through Glenwood
Canyon since the turn of the
century, compounded by the
fact that no viable alternative
route was found during the
long study and planning
periods, led to the final
conclusion that 1-70 must
penetrate Glenwood Canyon.
The highway was destined to
become a feat of environ-
mental and engineering
excellence. 3



The challenge of
creating an improved
transportation facility, fully
compatible with the many
aesthetic, environmental and
recreational demands and
commitments, almost became
an obsession with the project
planners and designers and,
ultimately, even the
contractors. Many years of
planning, leading to corridor
approval in late 1975 and
design approval in 1979,
resulted in design concepts
that could have become the
victims of seemingly
insurmountable physical,
operational and administrative
obstacles, had highway
officials and politicians not
had the foresight to put into
place a truly responsible design
and management mechanism.

The intimate
involvement of the general
public, for example, through
its watchdog group, the
Citizens' Advisory Committee,
was vital to the project's
design team if the committed
concepts were to be advanced
into acceptable design
solutions. Accommodation of
the concerns of special interest
groups was ensured by the
formation of a Technical
Review Group which
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This view of the west end of the Canyon demonstrates how carefully the highway was
placed into the Canyon environment.

Protection of the natural
environment was a major

emphasis. Most of the
natural rock outcroppings
were preserved, except

where there was the
potential for loose rock to

fall onto 1-70. Newly
exposed rock surfaces

were stained to match the
naturally weathered rock.

To supplement existing vegetation,
which was protected by establishing
environmental limits during
construction, plans called for some
150,000 native trees, plants, shrubs
and grasses to be planted.



Wherever existing wetlands were unavoidably removed, new wetlands were created to replace them.

Following a 20-year absence, two herds of Rocky
Mountain Bighorn Sheep were reintroduced into
Glenwood Canyon near the Grizzly Creek rest area,

consisted of representatives of
various organizations—
governmental, social, business
and private. Public workshops
and special informational
publications, such as the
newsletter "Canyon Echos,"
were instrumental in
disseminating project
development status to every
sector of the community.

Thus evolved a process
called "Fine Tuning" under
which literally every foot of
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the proposed highway would
be analyzed and evaluated
with respect to function and
impact. Adjustment of the
alignment by inches in order
to satisfy geometric,
environmental, and aesthetic
constraints was not
uncommon. In fact, all design
development had to be
approved by the Citizens'
Advisory Committee before
any final design or con-
struction could commence.
Even during construction,
members of this committee
remained actively involved in
order to ensure that all
commitments would be met.

The ultimate
challenge to design and
construct this highway under
the most difficult physical and
operational conditions,
involving thousands of
motorists a day who required
safe passage through the
gauntlet of activity, fell upon
the detail designers,
contractors and construction
managers.

Critics of the Glenwood Canyon project were concerned that an Interstate highway
would limit use of the Canyon for recreation, especially for hiking the popular Hanging
Lake trail, or rafting and kayaking on the Colorado River. In fact, the many recreational
amenities built as part of the project have enhanced the recreational experience.
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The design for the new highway called for removal of all
of the pullouts along U.S. 6, The pullouts would be

replaced with four full-service rest areas. To provide
motorists with the ability to stop and enjoy the
Canyon experience, the rest areas would
include recreational path connections,

launching ramps for commercial
and private rafts, and put-in for
kayaks. Below, bicyclists visit
the main plaza at the Grizzly
Creek rest area.

With the emergence of a
"can do" attitude, there
evolved a level of
enthusiasm and pride that
prevailed throughout the
final design and
construction phases and
which would accept
nothing less than total
success. The quality of
construction is standing
testimony to the personal
commitment of countless
professionals toward
providing the traveling
public with the best that
can be accomplished in
highway construction.

A short drive
through Glenwood Canyon
will convince even the
most ardent skeptic that
the years of controversy and
agony were truly
worthwhile. This
publication will attempt to
demonstrate, through
photographs, sketches and
narrative, how the pieces of
this highly complex puzzle
were assembled. •
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"The 1-70 Glenwood
Canyon project is a great
success for America. We
listened to the concerns
from the local residents
and businesses, then we
brought in the talent and
enough money to do it
right. Now, we are
finding support from
many of our former
critics."

Dr. Tom Larson, Administrator,
Federal Highway Administration

Table models of proposed construction, such as this one of the Grizzly Creek rest area,
were built to scale. Full-sized plywood models of piers (below) were built in the location
of the Hanging Lake Viaduct to
help designers visualize how
the highway would conform to
the canyon environment. The
preliminary design process
concluded with a design
public hearing and publication
of the draft design report in
1978. At that time, basic
alignments, roadway structure
concepts, viaducts, tunnels,
environmental mitigation
measures and recreational
commitments had been
identified. The Federal
Highway Administration
(FHWA) authorized
commencement of final design
in September 1979 and
construction began in 1980.
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Inspired by the challenge of building a
four-lane, divided highway in this narrow
canyon with minimal disturbance to the
environment, designers Edgardo Contini
and Joseph Passonneau conceived a
plan to squeeze a four-lane
configuration into a seemingly
inadequate space.

Approximately half of 1-70 through
Glenwood Canyon was constructed as
elevated structures. The 40-plus bridges
and viaducts, such as the French Creek
Viaduct (pictured above), were
designed with environmental and
aesthetic concerns in mind.
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With steep slopes above and below the highway, a terraced design, in which a post-
tensioned concrete slab cantilevers out over the top of the retaining wall, was used to
allow eastbound and westbound lanes of 1-70 to be built closer together.

"There is no greater
reward to the past efforts
than to see with your own
eyes the concept develop
into reality."

Edgardo Contini

"Inspired Designer"

The six-foot pavement overhang casts a shadow on the upper portion of the retaining
wall causing the wall, which is 40 feet high in places, to appear lower and less imposing.
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A typical construction sequence involved building the lower eastbound roadway first.
Crews excavated the site and constructed a continuously reinforced concrete footing.

Retaining walls were designed as twin-"T sections which were prefabricated at the
casting yards in Eagle and other locations and hauled to the site as needed.

"The Glenwood Canyon
project has provided a
special challenge and a
unique opportunity for the
Colorado Department of
Transportation and its
people to give the state
and the nation a
transportation facility that
everyone can be proud
of.

Robert L. Clevenger,
Chief Engineer

Colorado Department of
Transportation
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+ As many as 500 workers,
from flaggers to engineers
worked in the Glenwood
Canyon daily.
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The sections were lifted from the truck, lowered into
place, leveled out and post-tensioned to the
footing using threaded rods.

Once everything was pulled tight, backfill was
placed behind the panels and the roadway slab
was constructed.

The slab itself was reinforced with a criss-cross pattern
of post-tensioning cables . , .

then fitted with a concrete
parapet and steel safety rail
specifically designed to protect
drivers while maintaining an
unobstructed view of the
Canyon.



Once the slab was paved with asphalt, traffic was shifted to the new eastbound
roadway and the process was repeated for the westbound section. Most of the 15
miles of retaining walls in the Canyon were constructed in this manner.

With only 300 feet of total width available, and
most of that taken up by the Colorado River, there
was little room left for other uses, let alone a four-
lane highway and the large equipment required
to build it. The photo at right shows steel box
girder bridges being erected in front of the
Shoshone power plant.

lt...as far as I'm
concerned, this is the
gemstone of the Interstate
system. It's the one that
had all the controversy,
had all of the conflicting
interest and yet has been
highly, highly successful."

John Haley,

1-70 Glenwood Canyon Historian

Terracing roadways required
15 miles of retaining walls, but
it minimized the excavation of
the hillside and the amount of
fill in the Colorado River.
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"Scars from the original
highway construction in
the 1930s were still visible
when work started on the
Interstate. This time, the
designers and contractors
were under strict orders to
preserve the landscape in
its natural condition to the
maximum extent possible.

A. Ray Chamberlain,
Executive Director

Colorado Department of Transportation
Some bridges were erected using traditional methods. These bridges at Bair Ranch were
built in an area that was sufficiently removed from traffic, and had no existing
vegetation, thus allowing them to be cast in place. In the narrower stretches of the
Canyon, however, a special erection gantry was imported from France to construct the
highway from above.
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The 350-foot gantry, which
resembled a horizontal crane with
four pairs of spindly legs, spanned
from pier to pier. The unique design
of the gantry allowed it to pivot
around the curving canyon walls
while preserving the fragile
landscape below.

The gantry, shown here building the Hanging Lake Viaduct adjacent to old U.S. 6, saved
months of construction time and many thousands of dollars.

10 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 10

"I was afraid that the 'fine
tuning' was going to be
just a euphemism for
lowering the quality of the
road. Just the reverse is
true; it gets better each
time"

Joseph Passonneau

"Inspired Designer"
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"Glenwood Canyon 1-70
is an excellent example of
how the environmental
movement can positively
affect the outcome of a
large transportation
project."

Ralph Trapani, Project Manager
Colorado Department of

Transportation
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It seemed fitting that the gantry, which was imported from France, was first used to build
the French Creek Viaduct—two bridges in tandem with a combined length of 4,000 feet,
made up of 613 individual concrete segments.

The Hanging Lake Viaduct,
which consists of 1,200 individual
concrete segments, also was
constructed using the gantry.
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Precast, 40-ton concrete segments
were fabricated at the casting yards
in Eagle. The process started with
building the rebar cage, followed
by casting one segment against the
previously cast segment. Then
segments were delivered by truck
along the completed portion of the
bridge, transported by trolley along
the gantry to the next pier and
attached and tensioned to
previously installed segments.
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"It's incredible what
they've done here -
engineering wise. It's
going to be a prototype for
others who want to do the
same thing all over the
world. The whole citizen
involvement process was
fabulous - very intense -
it's a beautiful canyon"

Sam Caudill, Member
Citizens' Advisory Committee
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The segments were placed
on alternating sides of the
pier, with a maximum
imbalance of one segment
allowed, until the trailing
cantilever from one pier
met the previously
completed leading
cantilever from the earlier
pier,

At this point, a closure
segment was poured in
place. Then, the gantry
was "walked" to the next
pier where the process was
repeated.

In some places, the Canyon was so narrow that the
new viaduct had to be placed directly over the old
U.S. 6 highway—which was still carrying traffic.
Temporary piers supported the new viaduct, straddling
the road below.



When the viaduct was finished, traffic
was placed on it and the old road
was abandoned, ultimately to be
removed to make way for the
recreation path. Permanent piers will
be added and temporary supports
removed—while drivers actually
travel on the new structure! The
foundations for the permanent piers
had been previously constructed in
combination with the temporary
piers.

Along its route from the short Reverse Curve Tunnel, the 7,000-foot Hanging Lake Viaduct
takes westbound traffic up to 80 feet above the ground, ultimately crossing the
Colorado River at the point where it enters the Hanging Lake Tunnels. Eastbound traffic
emerges from the Hanging Lake Tunnels via a parallel 1,300-foot bridge, which, after
crossing the river, touches down on the old U.S. 6 plafform which was reconstructed as
the eastbound roadway.

"I think that most people
would agree with me - I
know Edgardo does - the
most interesting part of
the Canyon is at Hanging
Lake. We have a lake, we
have this very steep rock.
Now the way to get the
road away from the river
there is to put it in a
tunnel. And that's
Edgardo's solution in the
steep "V" shaped part of
the Canyon. If you want
to move the road away
from the river's edge -
which everybody wants to
do - you have to slide it up
the Canyon walls."

Joseph Passonneau

"Inspired Designer"

+ At the east portal of the
Hanging Lake Tunnels, the
Colorado River is spanned by
viaducts consisting of 1,200
individual concrete segments.
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Some of the largest girder sections of the
Shoshone bridges weighed as much as 100 tons,
requiring two cranes to lift them in a very
delicate operation.

The massive Shoshone interchange bridges
were built of huge steel plate girders, which are
15 feet deep at the piers. Workers taking their
lunch break atop one of the girders appear
miniature in comparison.

The construction of the Shoshone bridges
was further complicated by the need to
maintain continuous access for trains. This
required careful scheduling and special
operations to ensure that the trains and
the trackbed would be protected.



The eastbound mainline bridge at the Shoshone interchange includes the longest
individual bridge span in Colorado at 325 feet. Construction of the foundation for these
bridges had to be carefully scheduled to avoid the annual spring runoff.

Alternate designs of steel and concrete were proposed for the larger bridges. Steel box
girders prevailed in the bidding for the long bridges at the Shoshone power plant.

"I think it's important to
identify what the project,
in essence, consisted of.
It was not a matter of
designing a highway; it
was not a matter of
creating a recreation
environment; it was the
issue of resolving very
real, conflicting
demands.))

Edgardo Contini,

"Inspired Designer"

4. The Shoshone hydroelectric
power plant has been
generating electricity since
1909.
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• Construction of the
highway, nestled at the bottom
of a 2,000-foot gorge, started in
1980. The project includes:
• 40 bridges and viaducts with

a total length exceeding six
miles;

• 30 million pounds of
structural steel;

• 30 million pounds of
reinforcing steel;

• 400,000 cubic yards of
concrete weighing 1.62
billion pounds.
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Several foundation types were used for bridges
throughout Glenwood Canyon, depending on the
existing geological conditions in the Canyon which
varied considerably.

For the power plant bridges a unique method had to
be employed in order to install caissons through a thick
layer of boulder. This oscillating hammer head
mounted on top of a steel casing was used to grind
the casing through the boulders. This was an
agonizingly slow process that nevertheless proved
successful.

The underside of the eastbound
mainline bridge at the power
plant gives the appearance that
the two box girders are simply
floating on air. This pleasant
feature was accomplished by
constructing a complicated pier
cap that was integrated into the
girders, then filled with concrete
and post-tensioned.

In some areas, such as at the
Bair Ranch interchange,
ordinary pile drivers were used
to install steel piles. At other
locations it was more feasible
to drill caissons (concrete piers
installed deep in bedrock).



Near Hanging Lake in the central part of the Canyon, Interstate 70 crosses the
river from the north side to enter the twin tunnels on the south side. One of the
Canyon's most complex engineering features, the Hanging Lake Tunnels
provide a safe alignment through one of the narrowest sections of the Canyon.

The 4,000-foot tunnels create an "auto-free" zone at
the Hanging Lake trailhead, one of the most popular
hiking trails in Colorado leading to a crystal clear
alpine lake.

,,,11111 The steep one mile Hanging Lake Trail is one of the
—1WA most popular hiking trails in Colorado. 23



+ Excavation of the Hanging
Lake Tunnels yielded 250,000
cubic yards of rock.

24

The Hanging Lake Tunnels cost about $80 million, which
is less than one-sixth of the total cost of the entire
project. This remarkable fact is attributable partly to
the earlier construction of a pilot bore as well as to the
specific construction method employed for the tunnels.

Beginning with the pilot bore, which gave prospective
contractors the opportunity to actually look inside the
mountain, miners ultimately blasted and removed
250,000 cubic yards of rock from the Hanging Lake
Tunnels. All excavated material was hauled out over
this temporary bridge and used as backfill behind
some two miles of retaining walls.

The excellent quality of the rock through which the
Hanging Lake Tunnels were bored enabled the
designer and contractor to use rock reinforcement as
permanent tunnel support. This type of system is
unique in U.S. highway tunnels and is far less expensive
than more traditional support systems utilizing steel sets
and reinforced concrete arches.

A drill-and-blast procedure was the technique selected
to build these tunnels. Initial excavation established a
center top heading, or crown, followed by two side
slashes. After each round, rock bolts, in combination
with shotcrete (a watery mixture of concrete that is
sprayed onto the tunnel walls) were installed.



Once the crown of the
tunnel was stabilized with
rock bolts, it was safe to
excavate the bottom
bench. The tunnel interior
was then lined with
concrete and finished
with ceramic tiles. Almost
three million tiles were
needed. The space
above the ceiling serves
as a ventilation duct
providing fresh air into the
tunnel or exhausting
fumes or smoke in the
event of a fire.
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Glenwood Canyon shelters a
billion years of geology. The
history of the Earth can be seen
in layers stacked 2,000 feet
high.

The complexity of constructing the Hanging Lake Tunnels was compounded by the fact
that each of the four portals was designed to serve as a bridge abutment for the spans
that cross the Colorado River. The photo at top shows the Amphitheater Portals, while
the photo below shows the Shoshone Portals.



Because of their length and
somewhat isolated location, the
Hanging Lake Tunnels require a
fully staffed control complex,
complete with instrumentation,
monitoring and ventilation
equipment. The four-story
Cinnamon Creek control complex
is located near the midpoint of the
tunnels. The complex, which is
largely underground, is almost
invisible to motorists. Visitors to the
Hanging Lake rest area will be
almost completely unaware of the highway hidden across the Colorado River.

Numerous devices are used in and near the tunnels to help traffic flow safely and
smoothly. They include: traffic loop detectors and closed circuit television for observing
traffic 24 hours a day; overheight vehicle detectors; lane use signals; variable message
signs; heat detectors; fire alarm boxes; telephones; carbon monoxide detectors; weather
sensors; fuel leak detectors and roadway ice detectors at the tunnel portals and on the
approach bridges. A radio rebroadcast system allows motorists to continue to hear radio
stations while in the tunnel; in an emergency, however, tunnel operations personnel can
override these signals with important safety information.

+ Ventilation of the Hanging
Lake Tunnels uses eight fans -
four in the eastbound bore and
four in the westbound bore -
which can move up to 238,500
cubic feet of air per minute.

+ To excavate the Hanging
Lake Tunnels required over
$1 million worth of explosives.



The Colorado Department of Transportation has always been adamant about public
safety, especially in construction zones. The Department was instrumental in the
implementation of a well-coordinated, highly successful traffic control operation that has
kept traffic moving safely through the Canyon with minimal delays, while traversing a
succession of active construction projects. Free flow of traffic was allowed on weekends
and during morning and evening commuting hours in order to minimize the impact to
tourists and commuters.

"We made a commitment
to not tie up traffic. Not
only did we make good on
our promise, our traffic
control operation has
achieved national
acclaim."

Lew Sturm,
Deputy District Engineer

Colorado Department of
Transportation

To minimize delays, a traffic control system was
established which relieved construction contractors of
all traffic control responsibility and gave priority to the
traveling public. Using pilot cars and a sophisticated
radio communications network, alternating one-way
traffic was maintained through the project nearly all the
time, with delays to the public limited to a maximum of
30 minutes.
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Four specially designed rest areas will provide motorists with a place to stop and enjoy
the beauty of the Canyon. The rest areas will offer access to hiking trails through the
White River National Forest as well as to the recreation path. In addition, a raft launch
and a boat ramp offer access to the Colorado River for kayaks, rafts and small boats at
the Grizzly Creek rest area.

The Grizzly Creek rest area, which opened in May 1991, has already become a favorite
spot for outdoor recreation enthusiasts. An earth-sheltered building fitted with
composting toilets further demonstrates ecological sensitivity. The other three rest
areas—Hanging Lake, No Name and Bair Ranch—will be built following roadway
construction.

"The graceful lines of the
roadway as it follows the
Colorado, gliding freely
over nature's delicately
beautiful riverbank
greenery and mysteriously
disappearing into the
mountainside, serves to
enhance the experience of
visitors to this majestic
canyon - a true work of
art."

Flodie Anderson, Chairman,

Colorado Transportation
Commission

+ In 1899, the State
Legislature authorized $40,000
to construct the Taylor State
Road, a wagon road from
Denver to Grand Junction.
The road was completed in
1902.

+ At the Grizzly Creek Rest
Area, a clivus multrum septic
system mulches waste into
inert fertilizer.

29



"This project is a landmark
in highway engineering and
social accountability."

Dwight Bower, Deputy Director

Colorado Department of
Transportation

"All Coloradans can take
pride in the Glenwood
Canyon highway. This
final link in a major
transcontinental highway
has been accomplished
with minimal disturbance
to the environment."

Bill Cleary, Vice Chairman

Colorado Transportation Commission

In narrower locations, it was
actually suspended from the
face of the retaining walls to
keep it from being washed out
by high water. In places where
the eastbound roadway is
cantilevered over the recreation
path, users can enjoy the
pleasant riverside environment
with virtually no awareness of
traffic running overhead.

A recreation path travels the entire length of
the Canyon. The path will provide access
not only for hikers and bicyclists, but it is also
accessible to the handicapped. In places
where there was adequate width, the
recreation path was placed on grade
between the river and the highway.
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Landscape preservation was an important
consideration throughout the construction process.
Even individual trees and shrubs were tagged to be
spared the bulldozer.

One of the last construction tasks
to be completed was the
installation of devices that will
protect motorists from falling rocks.
Officially called Colorado Flex Post
Fences, these devices consist of
wire-mesh barriers strung between
flexible posts. Upon impact, the
flex posts bend down to the
ground and snap back into an
upright position, tossing the rocks
back up-slope.

"I think they've done a
marvelous job. It's much
better than I thought it
would be...And I think
it's going to be one of the
neatest places in the
United States,

Mary Hoza,

Member of the Citizens' Advisory
Committee

., Contractors accustomed to
somewhat unrestricted
construction in the past, faced
new challenges and penalties
in Glenwood Canyon.
Destroy a raspberry bush and
the fine was $30; scrub oak was
priced at $45; and blue spruce
or cottonwood trees were
valued at over $22,000.
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