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Introduction

When PowerSouth Energy Cooperative,
formerly Alabama Electric Cooperative

(AEC) devised a plan to design new air
quality control (AQC) improvements for

the Charles R. Lowman Power Plant in
Leroy, Alabama, its research indicated that
the new AQC facilities should be con-
structed adjacent to the Tombigbee River.
However, the unstable riverbank at the
chosen location — near a coal unloader
facility — had moved more than four feet
laterally toward the river over the last 16
years.
Because of the large amount being spent

on the AQC improvements – nearly

$250,000,000 – everyone involved with
the project knew it was critical to stabilize
the riverbank prior to construction of the
new addition and to protect the existing
power plant area. (Relocating the struc-
tures away from the river was considered
too cost-prohibitive, so was not consid-
ered as an option.)

Geotechnical Investigations

Black & Veatch Corporation (B&V) of
Overland Park, Kansas, a global engineer-
ing, consulting and construction compa-
ny, was selected as the project’s construc-
tion manager/engineer. It hired Geotech-
nical Engineering-Testing, Inc. of Mobile,
Alabama, to oversee soils explorations and
geotechnical engineering evaluations at
the site. From soils explorations per-
formed for this study and previous stud-
ies, Black & Veatch engineers could see
that the soil along the riverbank generally
consisted of layers of soft to stiff consis-
tency clays and loose to firm sands to
about elevations -45 feet within the plant
area and -20 feet near the river. These lay-
ers were underlain with a layer of stiff clay
to about elevation -60 feet, where a rela-
tively thick limestone formation existed.
They determined that the stiff clay had a
relatively high undrained shear strength,
but a relatively low residual (drained)
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However, the unstable river-
bank at the chosen location
— near a coal unloader
facility — had moved more
than four feet laterally
toward the river over the
last 16 years.

Overview of Plant and Slope Stabilization Project.

BECK manufactured crane mounted extended drill attachment.
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shear strength.
The engineers also measured artesian

groundwater levels during the period of
March to September 2005 and found that
the elevation varied from +26 feet to +42
feet. Geotechnical Engineering-Testing,
Inc. performed a study taken nine years
earlier that measured water elevations in
the limestone at +35 feet at the coal
unloader cell area and +42 feet at the AEC
south transmission power line river cross-
ing. Inclinometer casings placed within
certain boreholes in both the 2005 and
1996 studies showed lateral movement
within the stiff clay layer at distances of
1.5 feet to 4 feet above the top of the lime-
stone formation.
The location of lateral movement plus

the relatively low residual shear strength
of the stiff clay led Black & Veatch engi-
neers to theorize that the riverbank’s
movements were caused, in part, by arte-
sian water pressures in a limestone forma-
tion pushing upwards on a stiff, imperme-
able clay layer at about elevation -60.
They noted that these movements gener-
ally occurred when there had been recent
dredging of the coal barge unloading area
coupled with extreme low water levels in
the Tombigbee River.
One of the solutions discussed was to

reduce the artesian groundwater pressures

acting on the clays located near the top of
the limestone formation. It was theorized
that the reduced pressure should improve
the stability of the riverbank and cause the
lateral movement to cease. The artesian
pressure would be relieved by installing a
series of wells to pump water from the
limestone layer, thus lowering the artesian
pressures.

Concerns with the Final Design

Geotechnical Engineering-Testing, Inc.
(GET) hired Dan Brown and Associates,
LLC (DBA)* of Sequatchie, Tennessee, a
consulting engineering firm specializing

in slope stability, to perform direct resid-
ual shear tests on the stiff clay and to per-
form stability analyses. Working closely
with the Owner, the team of B&V, GET,
and DBA evaluated stabilization measures,
including active drawdown wells, passive
drains, stabilizing berms, and tieback
anchors, among others. Burns &
McDonnell (B&M) provided consulting
oversight on behalf of Alabama Electric
Cooperative (AEC). The team ultimately
developed a final design consisting of one

SHAFTS Contd.
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The team ultimately devel-
oped a final design consist-
ing of one hundred 54-inch
diameter soil dowels (drilled
shafts) that averaged 112
feet in length. The team
designed the shafts to pene-
trate down through the stiff
clay and into the underlying
limestone 20 feet.

Shaft access safety platforms used by BECK for the excavation, rebar installation
and concrete placement.

56 Inch O.D. x 90 feet long permanent casing being installed.
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hundred 54-inch diameter soil dowels
(drilled shafts) that averaged 112 feet in
length. The team designed the shafts to
penetrate down through the stiff clay and
into the underlying limestone 20 feet. To
maximize the effectiveness of the drilled
shaft stabilization system, the team de-
signed the shafts to be placed out in the
river approximately 100 feet from the top
of the riverbank slope.
The location of the stabilizing shafts

elicited several constructability concerns:

1) It would be extremely difficult for
the contractor to access the shafts from
the river due to continuous coal deliveries
that arrived by barge.
2) Construction activities and their

added construction loads could cause a
riverbank failure.
3) The Tombigbee River fluctuates 30

feet in elevation.
4) Artesian water percolates up to the

ground surface elevation on top of the
riverbank, which makes installing drilled
shafts difficult.
To address these constructability con-

cerns, B&V contacted ADSC Contractor
Member, A. H. Beck Foundation Co., Inc.
(Beck) of San Antonio, Texas, to review
the site and provide its recommendations.
Beck was chosen because of the company’s
experience with installing long-reach
drilled shaft foundations and its ability to
design and build its own equipment.
Beck recommended installing the shafts

from the land on a series of access trestles
so that the stabilizing shafts could be con-
structed in the required locations without
applying any construction loads to the
existing riverbank. Beck suggested build-
ing a ground access trestle that would
stretch 500 feet north and south along the
riverbank, as well as a series of seven 75-
foot-long finger trestles extending out to
the drill shaft locations. Beck also recom-
mended that the trestles be installed at an
elevation that would not be affected by the
river fluctuation and that the owner
install a deep well system to lower the
artesian water head down to an elevation
that would allow for a positive head of
drilling fluid inside the drilled shafts dur-
ing installation.

Beck’s plan called for the access trestle
to be built running north and south
between piers 3 and 30, with 6 of the fin-
ger bridges branching off in an east/west
direction, allowing access to install the
drilled piers. Beck would construct the
seventh finger bridge at the south end of
the site and the seventh finger bridge
would not be attached to the access tres-
tle. Once Beck had installed all of the
drilled piers and the 28-day concrete com-
pressive strength from the shafts had
exceeded or achieved design strength, the
plan called for Beck to remove the access
trestle and finger bridges from the site.
B&V incorporated Beck’s recommenda-

tions into the project specifications and
put the project out for competitive bid.
Due to the tight schedule requirements at
bid time, and also recognizing that the
trestle and drilled shaft operations would
have to be conducted simultaneously in
order to finish on time, Beck contacted
Jordan Pile Driving of Mobile, Alabama, to
make a joint bid for the trestle portion of
the work. Upon completion of the bid

(continued on page 5)
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Conceptual Plan of Pinning Shafts and Trestle System provided to engineers by BECK.
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process, the Jordan/Beck partnership was
selected for the project.
Jordan/Beck began installation of the

drilled shaft foundations in June 2006.
First, the owner placed three dewatering
wells to draw down and maintain the arte-
sian head a minimum of 10 feet below the
top of the shaft elevations.
Next, Jordan installed 500 feet of

ground trestle parallel to the river along
with the corresponding finger bridges that
extended out into the river. This allowed
Beck to utilize a 225-ton, American crane
with a special Beck-built drill attachment
that reached out another 60 feet to access
the furthest shaft locations.
To maintain pier stability, all 100 drill

shafts had a 56 inch outside diameter
(O.D.) permanent casing driven to the tip
elevation of -60.00 feet or to refusal prior
to the excavation of the shaft. The 56 inch
O.D. casings had a 0.500 wall thickness
and were an overall length of 90 feet with
bands at the top. If Jordan achieved
refusal prior to reaching the elevation of
the limestone the casings were cut off at
elevation +30.00 feet. Beck maintained a
positive head of water in the excavation to
ensure the pier stability below the perma-
nent casing.

Pier Excavation Methods

Jordan constructed a template for the 56
inch O.D. casing to ensure that the casings
were driven at the correct location. The
template held six casings at a time. After
Jordan set the template and the surveyor
checked the location, Jordan set six cas-

ings into the template. Prior to the pier
excavation, Jordan drove a 56 inch O.D.
casing to a tip elevation of -60.00 feet or
refusal, whichever was achieved first.
When the permanent casings were in
place, Jordan set a personnel work plat-
form into position. Once secured, the
drilling operation began. Beck removed
the material inside the permanent casing
and instructed workers to flood the shaft
with water from the storage tank immedi-
ately after excavation started to offset the
artesian water pressures. Once the work-
ers flooded the shaft, Beck resumed the
excavation with the use of a slurry auger.
Beck drilled the pier into the limestone

strata, utilizing rock augers, to a tip eleva-
tion of -80 feet. After Beck excavated the
pier to the design tip elevation, they
cleaned the shaft with a flat bottom clean-
out bucket. Beck placed a hole cover on
top of the shaft when it was complete.
Jordan hauled all spoils to the AEC land-
fill, located approximately 4 miles from
the work site.
Because there was very limited working

area on the trestle, Beck had to fabricate the
reinforcing steel cages with Cross Hole
Sonic Logging (CSL) tubes at another loca-
tion and trailered down the trestle to be set
by the drilling rig. The reinforcement cages

(continued on page 6)
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Jordan proceeding with trestle work while BECK installs drilled shafts.

BECK working off of trestle to install 54 inch diameter drilled shafts 112 feet
deep.
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had a set of horizontal and vertical stiffen-
ers tied inside the cage on 15 feet centers

to help support the cage during fabrica-
tion. In between each set of stiffeners,
Beck wrapped a single no. 4 bar around
the outside of the cage to prevent it from
racking. Beck hoisted the cage into the
hole by using four pick points. Due to the
stresses at the clay limestone interface, the
design called for additional reinforcing
bars in this lower section of the rebar
cage. The extra steel made the cage stiff
on the bottom and limber on the top, cre-
ating a difficult installation environment.

As Beck lowered
the rebar cage
into the pier,
workers re-
moved the verti-
cal and horizon-
tal stiffeners.
Workers also
added the rebar
centralizers to
the cage as it
was lowered
into place.

Tight Space
Requires
Creative
Thinking

The next step involved pumping con-
crete out onto the trestle and down into
the shaft – not an easy feat because Beck
could not use a conventional boom pump
and tremie within the limited work area.
Beck’s innovative solution was to design

a special 10 inch x 120-foot-long tremie

pipe that allowed the pump line to attach
directly to the tremie in 10-foot intervals.
Workers placed a 10 inch X 10 inch foam
sponge in the bottom of the tremie to act
as a barrier between the concrete and the
fluid in the excavation. Beck workers
placed the tremie approximately 12 inches

SHAFTS Contd.

Because there was very lim-
ited working area on the
trestle, Beck had to fabricate
the reinforcing steel cages
with Cross Hole Sonic
Logging (CSL) tubes at
another location and trail-
ered down the trestle to be
set by the drilling rig.

Installing instrumentation on reinforcing steel cage.

(continued on page 7)
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off the bottom of the pier and pumped
concrete to it through a 5 inch line from a
concrete pump 200 feet away. During con-
creting, the tremie pipe remained sub-
merged a minimum of 10 feet into the
concrete at all times. As the water in the

excavation was displaced by the concrete,
Beck pumped it off the top of the shaft and
sent it to the coal pile runoff pond. Once
workers had poured the shaft up, they left
the top with a smooth finish.
Through this unique system, Beck was

able to provide a continuous flow of con-
crete into the excavation, which greatly
reduced placement time and the possibili-
ty of tremie breaches or concrete lockups,
thus providing the owner with a better
quality foundation.

Summary

Jordan/Beck completed construction in
December 2006. The design team exten-
sively instrumented the shafts and sur-
rounding ground with standpipe and
fiber-optic piezometers to monitor pore
water pressures within the relevant strata,
slope inclinometers within 10 of the 100
installed drilled shafts and the surround-
ing ground to monitor lateral movements
of the shafts and surrounding soil, and
fiber-optic strain gages placed within
selected shafts to monitor load transfer
into the drilled shafts from the moving
soil.
Instrument readings taken prior to and

during construction indicated that the
system is performing as intended with
limited soil movement occurring in order
to mobilize resistance in the drilled shafts,
but with the shafts maintaining sufficient
excess capacity to maintain an acceptable
margin of safety against future move-
ments. A year after completion of the con-
struction, instrument readings still show
that all is functioning properly.

Conclusions

The success of this project can be
attributed to the cooperation between
the design engineering firms and the spe-
cialty foundation contractor. Working
together to share ideas and resources,
Beck and the design team came up with
a cost-effective solution for the owner.
The trestle, customized long-reach

drilling equipment, and concrete tremie
pipe system ingeniously addressed all four
of the constructability concerns by mak-
ing shafts accessible away from the river-
bank, minimizing the possibility of river-
bank failure, managing river fluctuations,

and drawing down the artesian water
head. The project succeeded on time and
within budget – and despite less-than-
ideal physical conditions.
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was to design a special 10
inch x 120-foot-long tremie
pipe that allowed the pump
line to attach directly to the
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