
Bluestone Dam 

What’s Your Risk? Anchoring 

Adding Strength and Reducing 
Risk with Steel Anchors 

When Bluestone Dam was completed in 1948, it was 
state of the art for the period. As a concrete gravity dam, 
it was originally designed to rely on its weight to hold 
back floodwater pressure. Modern evaluation studies, 

however, 
found that 
Bluestone’s 
original 
design did 
not meet 
current 
engineering 
standards 
and would U.S. Army Corps of Engineers contractors drilling anchors. 

need 
modifica Dams reduce, but do not eliminate the risk of economic 
tions to U.S. Army Corps of Engineers contractors and environmental damages or loss of life from flood 

installing anchors. withstand events. Steel anchors provide additional strength and risk 
storms more reduction, but as with all structures designed to pass 

severe than thought possible during the 1940s. There large amounts of water on a regular basis, there will 
fore, the USACE Dam Safety Assurance Program began a always be flood risk that has to be managed. When a 
series of risk reduction measures to address these flood exceeds a reservoir’s storage capacity, water may 
deficiencies and reduce risk to the public. have to be released that could cause flooding down

stream. Dams can breach because of a deficiency, or an 
A key part extreme flood event could overtop a fully-functioning 
of the risk dam. Living with flood risk reduction infrastructure is a 
reduction shared responsibility. Know your risk, know your role, and 
measures is take action to reduce your risk. 
the addition 
of high 
strength 
anchors. For more information about dam safety and living with 
When dams please visit: www.usace.army.mil and 
complete, www.damsafety.org 
the USACE 

For project updates and other information, visit the U.S. will have 
USACE contractors using a stressing jack to pull the Army Corps of Engineers at: http://www.lrh.usace.ar-
strand to the desired tension. installed 

my.mil/Missions/Current Projects/BluestoneDSA.aspx more than 
475 anchors to improve the dam’s stability. The anchors For information about reservoir pool levels, visit: 
consist of up to 61-strand steel cable with lengths up to http://www.lrh-wc.usace.army.mil/wc/summary.html  
270 feet that are placed in holes drilled through the dam 
and into the bedrock below. The anchors provide Contact the Huntington district office at (304) 399-5353  or 

Public.Affairs@lrh01.usace.army.mil. necessary stabilizing force during loading from high 
water events. Each individual anchor can add more than 
2 million pounds of stabilizing force. 

Huntington District 



1. Bearing Plate Directional Drilling 4. Reaming	 7. and Anchor 
A driller makes a 5¾-inch pilot Reaming is enlarging the pilot An anchorage consisting of 
hole, guiding the drill through hole to the diameter necessary bearing plates transfers the 
the dam, using a video camera to hold the corrugated pipe concentrated compressive 

drill	 and survey tool to site an LED that will house the steel forces from the tensioned 
video target on the back of the drill anchor strands. A special drill 61-strand anchor anchor to the dam. A trumpet 

monitor	 hammer. If the driller sees the bit with a 5¾-inch diameter pipe is placed between the 
crosshairs of the survey tool nose that flares out to 10 anchor hole and the corrugated 
move off the target on the inches is used to ream out the pipe with an attached washer- 
video monitor, the driller pilot hole. The reaming shaped ¾-inch thick sub-bear
corrects the direction of the process is repeated to either ing plate at the bottom of the 
hammer until it lines up with 13 or 15 inches, depending on recess. After the sub-bearing 
the LED target again. the size of the anchor going in and trumpet are grouted into 

bearing reaming bit the hole.	 plates place, the washer-shaped 
bearing plate, which is up to 34 
inches in diameter and 6½ 
inches thick, is placed on top of 

trumpet the sub-bearing plate. Then the 
anchors are lowered into the 
corrugated pipe through the 
anchorage. 

2. 5. Watertightness Testing 
Pilot Hole Survey	 8. and Pre-Grouting Anchor Stressing 

8-degree The pilot hole is surveyed, 	 To make sure the bedrock is The bond zone portion (in 
then checked by computer competent enough to hold the stressing jack anchor bedrock) of the anchor is 
against a digital 3-D model of grout to be pumped around the grouted and allowed to set up stressing
the dam to see whether it corrugated pipe, a constant head chair until a minimum strength has 
meets the 1:150 drill tolerance test is performed. The hole is been achieved. Next, the 

anchor
holes (allowable deviation), a tight filled with water, and if too much anchor head is lowered onto 

45-degree tolerance for this kind of 	 water escapes through the the bearing plate, and the 
anchor drilling. The tight tolerance is fractures into the rock, the hole is stressing jack and chair are 

important because the filled with grout, allowed to set lowered over the strand. The 
anchors are coming from two up, then drilled out again. The stressing chair bolts to the 
directions and must avoid grout fills the fractures adjacent anchor bottom of the jack and allows cables
galleries (passageways) and to the hole in the rock, making access to the anchor head, 
other structures within the the rock less permeable. The test strand wedges, and grout 
dam as well as intercepting drill bit is repeated until the hole passes tubes. The stressing jack, which 
each other. If the hole is out of grout the permeability standard. stresses (pulls) the strand to the 
alignment, it is filled with desired tension, had to be 
grout, left to set, then redrilled. bond zone specifically designed and built 

for the Bluestone anchoring 
project because the anchor 
strands are so long. 

3. Recess Drilling	 6. Corrugated Pipe 9. Completion Steps 

Once the pilot hole alignment A corrugated pipe is used to After the anchor strands are 
is approved, a larger drilling rig protect the anchor strands tested, the load is transferred 
drills out a 40-inch recess for from moisture. It is lowered from the stressing jack to the 
the sub-bearing plate (the into the anchor hole by a crane, protective cap anchor head. Then the strand 
steel plate that bears the force corrugated pipe then filled with water to make tails are cut. The strand is 
between the dam and anchor) sure it has no leaks. If it leaks, it anchor head covered with a protective cap, 
and the anchor head. The tremie hose is pulled out, and the leaks are the inside of which is filled 
recess is drilled using a fixed before it is reinstalled and with grease or wax to prevent 
concentric hammer. The grouted in place. The grout is rust. The recess is either filled 

concentric concentric hammer rotates pumped through a tremie hose with concrete or with a 
hammer	 around the centering bit, attached to the outside of the removable cover. The anchors 

which follows the pilot hole. corrugated pipe, and the space with the removable covers 
annulus between the anchor hole and anchor strand tails allow future generations to 

the outside of the pipe is filled evaluate the condition of the 
with grout. anchoring system over time.  

grout 


