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Tunneling at Altitude

Colorado’s Michigan Ditch Tunnel Secures Water Delivery for Fort Collins
By Jim Rush

In the American West, water is a valuable and
potentially scarce commodity, so when the City

area known as “the mudslide” was subject to peri-

engineer for Fort Collins Utilities. “We knew we

odic damage when the slides occurred.

needed a long-term solution that could cost up-

of Fort Collins, Colorado, was faced with a poten-

The City was accustomed to making simple

wards of $10 million dollars. When I told the city

tially costly repair to its water supply infrastruc-

repairs that involved digging up the pipe and

managers their response was: ‘The water is worth

ture, the mandate was simple: Fix it!

moving or replacing it when the slide moves.

$180 million, so go fix it.’ ”

The Michigan Ditch is a 5.2-mile conveyance

But in September 2014 crews noticed some-

In summer 2015, the City got to work with a

system that brings water from the high moun-

thing unusual. The pipe, which typically moved

geotechnical assessment that included seismic

tains into the Joe Wright Reservoir, one of the

only during snowmelt in the spring, had moved

refraction as well as vertical and horizontal bor-

City’s two water sources. Over the years the

substantially since its repair that summer. The

ings. Meanwhile, the City put together a team

Michigan Ditch, a combination of pipeline and

following spring, even more movement showed

of consultants and contractors to help ascertain

open channel originally built around 1900 and

that a more permanent fix was needed.

the best way forward. After exploring the op-

bought by Fort Collins in the 1970s, was subject

“It was apparent that this wasn’t something

tions, the team decided that a tunnel that would

to the whims of Mother Nature. Specifically, one

that we could simply dig up and put back in place

re-route the aqueduct through the mountain in

portion of the water supply route that crosses an

like previous years,” said Owen Randall, chief

stable rock was the best solution.

TBM: TUNNEL BUSINESS MAGAZINE //

DECEMBER 2016

TUNNELINGONLINE.COM

14

COVER
STORY

Selecting the TBM

BT Construction sought Akkerman’s advice in late 2015 for a Tunnel Boring Machine (TBM) system capable of excavating up to 15,000 psi compressive
strength rock for the construction of a 98-in. outside diameter ring beam and
lagging curved tunnel on the Michigan Ditch Tunnel project. The resulting solution was an enhanced 720 Series II TBM with a custom 98-in. mixed-ground disc
cutterhead, a removable 96-in. extension kit, and propulsion shield. Add-ons to
the standard system included TBM stabilizers, the maximum number of TBM
drive motors, a supplemental power unit, and extended spoil conveyance haul
unit system.
Akkerman’s standard TBMs feature a bi-directional, variable speed cutterhead, a high-capacity main bearing, two-speed drive motors to allow for optimal
productivity, and hydraulically actuated steering to maintain line and grade.
The principal component for the TBM’s success was the custom mixedground disc cutterhead, designed to excavate up to 15,000 psi compressive
strength pegmatite rock, and fractured rock with clay seams based on the findings in the geotechnical baseline report. The tooling configuration is directly
attributed to the cutterhead’s performance, and comprised of a combination of
triple, twin, and single disc cutters for rock excavation and four rows of carbide
drag bits for softer ground.
The tooling placement optimized ground excavation at the face plus created a
2-in. overcut for clearance and TBM steering control. All tooling was back-loaded
to allow for safe replacement from inside the TBM. This feature was especially
important in the regions where the TBM encountered rock zones with compressive strengths higher than originally expected which required frequent tooling
changes. Dirt paddles behind the cutterhead deposited spoils onto belt conveyors
for conveyance through the tunnel for removal with the haul unit system.
To help stabilize the cutterhead, four hydraulically-actuated pads were
integrated around the front of the TBM. Each stabilizer is engaged to extend
beyond the periphery of the TBM to ride against the overcut and stabilize the
TBM as it advanced.
The propulsion shield was positioned behind the TBM to provide a means for
the TBM to advance off of the constructed ring beam and lagging tunnel. The
propulsion shield contains 10 hydraulic cylinders that transmit a maximum
thrust of 310 tons. The cylinders have a 54-in. stroke to provide clearance to
safely assemble each 4-ft long ring beam and lagging tunnel set from inside the
propulsion shield.
A second 18-ft belt conveyor extends through the propulsion shield to supplement the haul unit system. The use of two large capacity dirt buckets allowed for
maximum tunneling efficiency to excavate one 4-ft ring set within two cycles of
the haul unit.
A standard 5200 pump unit with a 200-hp auxiliary pump unit powered tunneling operations. Combined, they provided 120 gpm at 5,000 psi to run TBM
functions and produced a maximum cutting torque of 262,000 ft-lbs at 5,000 psi
and cutterhead speed of 0-8 rpm.
A high-pressure jacking circuit on the 5200 pump unit produced 0-12 gpm at
8,000 psi to launch the TBM into the mountainside. After the TBM was buried,
a 20-ft section of steel casing was jacked and grouted in position behind the propulsion shield. Beyond this point, ring beam and lagging set construction began,
and the TBM advanced off of the installed tunnel sets.
“From beginning to end, the project participants demonstrated a level of collaboration that was the very definition of teamwork,” said Chris Sivisend, sales
engineer with Akkerman. “Never before have I seen an owner, engineer and
contractor work so genuinely well together on a project. Furthermore, BT Construction’s project management team did an excellent job of keeping everyone
informed, every step of the way. In my opinion, this project was in a class of its
own and Akkerman was humbled to take part in the experience.”
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During the winter of 2015-16, the team – comprising City staff,
Stantec (prime engineer), Lithos Engineering (tunnel design and construction manager) Hydro Construction (general contractor) and BT
Construction (tunnel contractor) – began the process of finalizing the
alignment and design. The end result was a 766-ft long, 98-in. OD, riband-board tunnel with a 60-in. ID carrier pipe grouted into place. The
tunnel was built with a 630-ft radius curve to maintain an alignment in
competent rock throughout its length.
The tunnel option provided the long-term solution that the
City was looking for while having the added benefits of less maintenance, less environment impact and a construction cost comparable to other options.
Key to determining the final alignment were the horizontal borings, which were completed by Crux Subsurface, according to Robin
Dornfest of Lithos Engineering. “Having the information from the
cores helped us determine that a straight tunnel was not an option. The
horizontal core along a straight alignment showed that the path crossed
into the landslide materials. The additional cores along the curved
alignment proved that the tunnel would stay in the rock profile.”

Building a Tunnel at Altitude
From the start is was apparent that this Michigan Ditch Tunnel was
not your ordinary project. First and foremost, working at 10,000-plus
feet elevation in the mountains meant that construction was largely
dependent on the weather.
“The amount of snow in the mountains in the springtime basically
determines when you are able to start construction,” Randall said. “Similarly, how soon its starts snowing in the fall determines how long we
are able to work. The weather was potentially a huge issue as we were
needed to get the ditch system online as soon as possible.”
The logistics of working on the side of a mountain also presented
challenges. The project site was located 2.5 miles up a narrow, winding
path that dictated the weight and the dimensions of the equipment that
could be safely transported. Additionally, the nearest town (Walden,
Colorado; population 3,000) was located 30 miles away, with Fort Collins 70 miles away. Even cell phone service had to be brought in.
“Due to the nature of the road, we were limited to about an 11-ft wide
load,” said John Beckos, project manager for BT Construction. “We were
unable to get a crane to the site, and the biggest excavators we could
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bring in were nearly hanging off the edge of the mountain on the way up.”
The site access also dictated the type of tunnel boring machine that could
be used to excavate the tunnel. After evaluating the options, the project team
elected to use an Akkerman hard-rock TBM that had a mixed face cutterhead
to deal with the highly fractured, hard rock and abundant fault and shear
zones. The machine was compact enough to accommodate the limited space
at both the launch and retrieval pits, light enough to be handled by the available equipment, and had enough power to drill through rock that reached
strengths of 15,000 psi.
“It was apparent that a neither conventional rock TBM or a conventional
soft-ground TBM would be able to complete the drive, so we used a rock
machine with a mixed-face cutterhead,” Beckos said. “Additionally, we
were limited to about 40,000 to 45,000 lbs in terms of what we could lift
with our excavators.”
The TBM was launched in June 2016 from a sheet pile with a thrust plate
built using I beams keyed into rock and steel sheeting. The TBM was jacked
into the tunnel followed by a section of steel casing that was grouted into the
place and served as the starting point for the rib-and-board tunnel.

Through the Mountain
The tunnel was mined from the downstream portal to the upstream portal. The first 40 ft of the alignment was straight before it transitioned into
the 630-ft radius curve spanning 726 ft. The TBM was equipped with a conveyor system and dual muck boxes to remove the spoil. Spoil was stockpiled
near the site to be used by the City for future repairs to the ditch and pipeline,
as well as the access road, which it maintains.
To achieve the curve, crews used shims between the ring beams and boards
along the outer radius. The amount of curve was dictated not be by the TBM,
but the deflection capabilities of the joints of the Hobas carrier pipe.
For the approximately the first half of the tunnel, production went well as
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no changes to the cutting tools were needed. How-

Planning for Success

and mitigate potential occurrences that could

ever, advance ground nearly to halt about midway

One of the keys to any successful tunnel proj-

through the tunnel, requiring a series of tooling

ect is proper planning. In the case of Fort Collins,

“Rather than trying to write a contract for the

changes that left the team scrambling for spares.

its unique project delivery approach helped to

whole project up front, we can write contracts

impact the project.

“We hit a section of ground in which we were

implement a team quickly, and bring all parties

that are very well defined knowing what our

advancing inches per day,” Randall said. “It was a

to the table during the planning, design and con-

scope of work is going to be as planning and de-

very frustrating situation because we knew that

struction phases.

sign progresses,” Randall said.

winter was coming and we needed to get the TBM

Over the last 20 years, Fort Collins has imple-

The added benefit of having the project team

mented and refined its delivery system known as

in place was that the project goals were defined

Randall said the ground made tunneling a

the Alternative Product Delivery System (APDS).

by the team, rather than by an individual party

challenge. “The only thing consistent about the

Fort Collins retains a group of prequalified con-

or parties. “This was a very challenging and diffi-

ground was that the rock was inconsistent,” he

tractors and consultants on an annual contract

cult project, but when you have everybody work-

said. “We would find hard zones 2-3 inches thick,

basis – known as master service agreements – and

ing toward the same goal it makes all the differ-

2-3 feet thick and 30-feet thick. We knew we

when a project is needed, the City can call on its

ence in the world,” Randall added.

were going to get into difficult geology, but it still

team of service providers with expertise in a par-

“The team functioned at a very high level and

posed a challenge.”

ticular area to negotiate a contract. This allows

with great communication,” Dornfest said. “It

the City to quickly develop a team in developing

was extremely challenging, but there was never

the project from start to finish.

any finger pointing and we were able to get the

through the mountain.”

The team had hoped to achieve an advance
rate of about 20 ft per day. At the end of the job
that number was 8 ft per day, but the TBM holed

In the case of the Michigan Ditch Tunnel, the

through successfully on Sept. 29. And, despite the

project team was brought on board to determine

Thanks to planning, teamwork and determi-

challenging ground, the TBM holed through pre-

the best solution for the problem. As the project

nation, the Michigan Ditch Tunnel project was

cisely on target. Project team members credited

began to take shape as tunnel, the City negotiated

successfully completed approximately $1 million

not only the TBM operators, but the VMT guid-

further contracts for tunnel design, construction

below the initial budget of $8.5 million. The aque-

ance systems, typically used for larger and longer

and TBM procurement. The project team addi-

duct is now online, assuring citizens of Fort Col-

tunnels, in keeping the tunnel on line and grade.

tionally developed a risk register to help identify

lins a reliable source of water for the years to come.
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job done on schedule and under budget.”
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