DAM CONSTRUCTION

PROJECT OVERVIEW

MAJOR REHABILITATION OF A HYDROELECTRIC FACILITY

Minnesota Power Thomson Hydroelectric Facility

Completed 2015 // Thomson, MN
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DAM CONSTRUCTION AND REPAIR | COMPLETED 2015

Methods Used

» Remedial dredging

» Powerhouse remediation

» Bulkhead slot rehabilitation

» Sluice gate replacement

» Trashrack replacement

» Penstock rehabilitation

» Valve replacement/ Millwright services
» Underwater construction

» Concrete repairs

General Description of the Project

In June of 2012 the Minnesota Power Thomson Hydroelectric Facility located on the St. Louis River near
Duluth, MN was hit by a severe storm. The storm did a substantial amount of damage to the 110 year-old,

72 megawatt facility that was originally built to provide power to the City of Duluth. A large breach in the
embankment adjacent to the Upper Gate House led to catastrophic damage to several areas throughout the
facility. Extensive renovations and repairs were needed to restore the powerhouse and surrounding structures
to operating condition. Also at this time it was determined by Minnesota Power that since the plant was going
to be offline for an extended period of time, it would be an ideal opportunity to inspect, repair, and upgrade
several features of the dam. J.F. Brennan Company (Brennan) was selected as one of the contractors to help
return the hydroelectric facility to service. During the renovation, Brennan worked on several key areas of the
facility both above and below the waterline.

Power House

Work began immediately after the storm event with construction of a 600-foot long staircase that would allow
temporary access to the powerhouse while flooding receded and access roads were repaired. Brennan then
removed contaminated sludge that had accumulated in the powerhouse during the flood event so repairs could
begin on the turbine units. This required a HAZMAT remedial team who micro-dredged the sludge from the
powerhouse and pumped it into geotextile tubes where it could be dewatered. The weep water collected from
the tubes was treated with a portable water treatment system before being discharged back to the St. Louis
River. Crews then used high pressure steam cleaners and bleach to thoroughly wash and disinfect the interior
of the powerhouse.

During the flood, a large amount of sediment and debris was also deposited in front of the powerhouse
tailraces. In 2013 Brennan employed the use of amphibious equipment to access shallow areas near the
powerhouse, eliminating the need for any temporary access roads. Barge-mounted excavators were used to
dredge in deeper areas. Roughly 2,900 cubic yards of material was removed from in front of the draft tube
outlets, placed on a conveyor belt, and deposited at a load out area next to the powerhouse.

During the restoration Brennan also provided millwright services by refurbishing or replacing twelve 7- 8-foot
diameter valves in the powerhouse, cross receiver house and lower and upper wye houses. This included the
installation of stoplogs, bulkheads and deflection piping for water management.

Upper Gate House

Work on the Upper Gate House began with the installation of bulkheads to hold back water from the Thomson
Reservoir and facilitate the demolition of four existing 110 year-old single-stemmed, cast iron gate-in-frame
headgates. These gates experienced varying degrees of Microbial Induced Corrosion (MIC) that degraded
them enough to warrant replacement with new stainless steel gates. Combined with the demolition of the
gates was the demolition of the accompanying operating machinery. The old machinery was replaced with new
automated actuators for more efficient openings and closings.

Lower Gate House

The Lower Gate House of the Thomson hydroelectric
facility presented similar challenges as the Upper
Gate House. Flooding required crews to develop
water diversion systems so they could access work
areas. MIC had also taken hold of the four cast

iron headgates in the Lower Gate House, requiring
the removal of both the gates and corresponding
machinery.

The Lower Gate House cast iron headgates consisted
of three single-stemmed gates and one double
stemmed gate. These four gates were replaced

with stainless steel gate-in-frame headgates. The
machinery was also once again replaced with new automated actuators. However, unlike the Upper Gate
House which used a small marine plant, the Lower Gate House required the crew to use a much larger 275-ton
crane with 200 feet of boom to accomplish the replacements. Access to the project site was limited, and the
long reach to the last gate required that the crews use a larger crane.
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Trash racks measuring 136 feet long x 26 feet high in addition to support structures were also
replaced during revitalization of the Lower Gate House. Finally 490 feet of concrete parapet walls
were added to the lower gate house to prevent high water from entering the structure in the future.
The concrete foundations of the large surge tanks were repaired as well.

Penstock and Flowlines

Brennan crews also repaired and replaced subterranean penstocks and flow lines. This process
began by setting up water control methods to stop or direct the water flow as needed through the
various combinations of pipelines; measuring 16,775 feet in total length.

In 2014 Brennan crews began the necessary steel repairs and sectional replacements of three
flow lines and six penstocks. These repairs included replacement of 89 linear feet of steel pipelines
of various diameters ranging from 7 to 12 feet. In addition to complete sectional replacement

of flowlines and penstocks, 139 linear feet were slip-lined. Another 101 feet of steel plating was
installed to cover 29 degrees of the flowline invert section. Finally, more than 3,000 pits and holes
were addressed with welded patch plates in several locations throughout the flowline system.

The flowlines were also grouted for stabilization. 4,305 feet of 12-foot diameter flowline was
stabilized after dangerous hydrogen gas was removed from underlying voids using a Brennan-
developed vacuum generator system. As the flowlines \

and penstocks were buried beneath the ground, 13 access S
points were also replaced or installed to increase the

ease of access and overall number. These manholes

had to withstand the high pressures of normal operating
conditions and consisted of a 24-inch diameter steel access
surrounded by a five-foot tall precast concrete riser section.

This project presented a variety of challenges. As it was
the first time in several years in which the facility had

been completely dewatered, there were several scope
changes and additional repairs needed. Weather was also
a challenge. The majority of the project took place during
the winter months, where sub-zero temperatures and large
volumes of snow was a daily concern. Rehabilitation was
completed by mid-2015 with over 100,000 crew hours,

all of which were accomplished without a single lost time
accident.




Challenges
Encountered

» Sub-Zero temperatures required
detailed planning and
coordination

» Confined work spaces made
both access and work tasks
challenging

» An extensive water management
program was developed to divert
flood water out of work areas

» Cold weather concrete
placement required additional
planning

» Critical schedule required 12
hour shifts, 5-6 days per week

» Relining 7-foot diameter
penstocks buried beneath an
earthen berm on a 24 degree
slope required detailed planning
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Project Statistics
» 600-Foot high staircase built in 2 days for access
to powerhouse
» 2,900 Cubic yards of sediment removed from tailrace

» 7 Single stem and 1 double stemmed stainless steel
gate-in-frame headgates and related operating machinery
were replaced at Upper and Lower Gate Houses

» 136 x 26-Foot trashrack and support structure replaced

» 16,775 Feet of flow lines & penstocks that varied from
7 feet to 12 feet in diameter were repaired

» Over 3,000 pits and holes had welded patch plates
installed in the flow lines and penstocks

» 139 Linear feet of steel penstock slip lining installed
» 89 Linear feet of complete steel flow line & penstock

replacement

» 4,305 Linear feet of pressure grout stabilization
underneath flowlines

» ~1.5 Miles of welding completed in the flowlines and
penstocks, all 100% UT tested with <1% rework needed

» 130 Feet of concrete dam removed to increase spill capacity

» 490 Feet of concrete parapet installed to prevent future
high water damage
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