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ABSTRACT: The objective of the Government Hill Bluff Sewer Project was to consolidate two
existing sanitary sewer lines located at the top of a steep (349 bluff into a single 10-inch sewer
line. This single line would then connect to an existing main line located halfway down a steep
(349 slope. The proposed alignment for the consol idated sewer line was 319-feet long with more
than 30 feet of vertical rise through glacial soils which terminated in a gravel mantle.

The bottom of the alignment was located on the slope and had limited available work space as
well as heavy vegetation that was deemed to be essential for slope stability. The top of the
alignment was located in a small park with several mature trees that residents expressed interest
in preserving. The required control depth for the consolidated line was approximately 22 feet
below the ground surface within a narrow easement below existing power lines making open cut
replacement both costly and unattractive.

Horizontal directional drilling was selected as the best alternative for the installation to minimize
disturbance to the hill slope and property along the top of the bluff. Numerous design challenges
were addressed, including maintaining precise line and grade from the entrance to the control
point at depth, initiating the HDD on a steep slope with limited work space, drilling in a “dry hole”
and accommodating difficult geologic conditions. The project was constructed in the summer of
2008.

1. INTRODUCTION

The Government Hill Bluff Sewer project area contained 1,060 feet of sewer main that had
required additional maintenance and spot repair work to keep in service. The 8 and 10-inch
diameter asbestos cement and concrete sewer pipes were originally constructed in the 1950's
and have seen a number of modifications in the years since. The pipes were in place during the
1964 Good Friday Earthquake that caused landslides in the surrounding area and likely
contributed to some of the damage that was observed during a 2008 CCTV inspection of the
sewer mains. Access was very limited to the manholes that are located on the steep bluff area.
Some of the pipes and manholes are located on private property and close to existing dwellings.
Traditional open cut excavation repairs in these areas would be challenging. Shear breaks, sags,
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broken pipes, structural failures, deteriorated manholes and root intrusion were causing plugs and
were leading to an increased cleaning effort to maintain adequate sewer flows. Maintenance
access and construction was further complicated by an existing Port of Anchorage fuel tank farm
that was located immediately downhill from the sewer mains.

The purpose of this project was to: 1) upgrade the damaged pipes, 2) improve maintenance
access to manholes, 3) relocate sewers that are located near homes and in private properties,
and 4) reduce the risk of a sewer leak, subsequent slope failure and damage to downslope fuel
tanks.

2. SITE AND GEOLOGICAL CONDITIONS

The Government Hill Bluff project area is located in the northeastern portion of the City of
Anchorage along the Knik Arm of Cook Inlet. The site encompasses a 60-foot bluff facing
northwest with a slope of approximately 34 degrees. At the base of the bluff is artificial fill which
has been used to build up a fuel storage facility. The project area is shown in Figure 1.

Figure 1. Project Area Site Plan.

The site is partially within Zone 5 — Very High Ground Failure Susceptibility, as determined by
Municipality of Anchorage Seismic Hazard Map. During the 1964 Great Alaska Earthquake, soils
along the south bluff of Government Hill (roughly ¥ mile from the project area) moved down and
out over a lateral extent of approximately 1,000 feet (Shannon and Wilson, 2008). Additionally, a
second slide occurred approximately ¥ mile to the northeast of the project area.

The top surface of the bluff is fully developed with private residences along the edge, and a public
park area to the east. Topography on top of the bluff is relatively flat. Several utilities are present
on top of the bluff at variable depths including water, gas and overhead electrical lines in addition
to the sewer lines of interest. Most of these utilities roughly follow the street either in the right of
way or just west of it.
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The general site geology is glacial in nature. The top of the Government Hill Bluff is mantled by
recessional fluvial outwash made up of sandy gravel deposits ranging in thickness from 7 to 15
feet. These gravels overlie 35 feet of medium density brown sands with silt or gravel followed by
20 feet of dense brown sand with occasional gravel before reaching a stiff moist clay which is
presumed to be marine in origin. The bottom of the clay was not found in any borings performed
in the project area.

The granular soils encountered in the soil borings were typically medium dense to very dense
with SPT values of between 12 and 98 blows per foot. Groundwater was observed at
approximately 50 feet bgs, 63 feet bgs and 21 feet bgs, respectively.

The geotechnical analysis concluded that the the slope in the area is marginally stable, with a
factor of safety against sliding of near 1.0, which is at the point at which a slope is susceptible to
failure. Trenching down or parallel to the slope to replace an existing sewer would destabilize the
slope. The foliage that covers the slope is holding the near surface soils in place, so it was
recommended that the strong vegetative cover be maintained at all times.

3. SEWER CONSTRUCTION ALTERNATIVES AND FEASIBILITY
Three repair options were considered during the study phase of the project.
Open Cut Excavation

Traditional open cut construction of a new sewer main down the steep slope was not
recommended due to the relative instability of the bluff and the recommendation that the foliage
on the slope not be disturbed.

Auger Boring

While the geotechnical conditions at the Government Hill site were conducive to auger boring,
and no groundwater was observed at the depths of installation, there were several potential
complications when using this method.

The lack of available work space at the western end of the alignment was particularly problematic
for auger boring, which requires at a minimum a 26-foot jacking shaft in which the auger and
jacking machines can be mounted and set to grade. While the auger bore could be performed
from top to bottom, this is considered significantly less favorable than boring from the bottom up
since the auger rig must be significantly larger in order to convey spoils to the surface, and spoll
returns are generally much poorer that when boring uphill.

Auger boring the Government Hill sewer line would need to be done at a grade of approximately
7%, significantly reducing the available clearance from existing sewer, gas and water lines
located both in the Delaney Street right of way and slightly to the west.

Because auger boring requires a steel casing to cut through the ground during advancement,
additional costs to the project would include not only the cost of a larger and more powerful auger
boring machine and screw flight on site to bore downhill, but 14-inch steel carrier pipe costs for
the length of the alignment. Based on the additional cost of equipment, labor and materials
associated with auger boring downhill, as well as the added risk of boring relatively close to
existing utilities, auger boring was not recommended.
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Horizontal Directional Drilling

A preliminary HDD alignment was laid out from the Government Hill Bluff break in slope to the
edge of Al Miller Memorial Lions Park. The preliminary alignment is shown in Figure 2. The
preliminary length of the alignment from entrance to exit was approximately 265 feet, requiring
280 feet of drilling. This alignment utilized an existing easement held by the City of Anchorage
and minimized the need to acquire additional easements prior to construction. This alignment
also placed the new sewer line next to a shared lot line and away from existing exclusive private
homes located along the bluff area.

HDD provided the benefit of a small construction footprint and the ability to minimize damage to

trees and vegetation in the public park area. HDD was recommended for design and construction
of the new sewer line.

Figure 2. Preliminary HDD Profile (Staheli Trenchless Consultants, 2008).

4, HDD AND SEWER LINE DESIGN

On this project, an engineering design with drawings and specifications were prepared and the
contractor selection was based on the low bid price. The specification required that the drilling
operator and the HDD project manager show recent experience in similar types of work. The final
HDD design is shown in Figure 3.

The actual sewer pipe portion (the pipe to be put into service) of the 319 foot HDD alignment was
designed to be 200 feet long and sloped at a uniform 5 percent grade. The sewer pipe slope was
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designed steep enough to assure that the sanitary sewer flow velocities would be maintained
through any minor vertical deflections that may occur in the final product pipe path. The HDD
bore path was designed so that a new manhole could be installed at the mid-point of the bore
path. The new manhole would be installed after the HDD work was completed.

For a number of reasons, the bore path was designed with the entrance pit located at the downhill
end of the alignment and the exit pit at the uphill end. It was assumed that drilling in an uphill
direction would help to maintain lubrication in the borepath and reduce the risk of fluid migration
as well as maximizing the drilling mud returns. The predominate risk to the HDD construction
would be bore hole collapse due to mud loss.

Typically, drilling mud would help hold the reamed bore open by providing hydrostatic pressure in
the borepath. Due to the 30-foot difference in elevation between the entrance and exit pits, it was
assumed that the upper reaches of the bore hole would be dry during retooling operations and
other times when drilling mud was not actively pumped into the hole. The mud was expected to
drain out of the borehole and flow into the lower entrance pit area. The “dry” hole condition would
pose some increase risk of collapse, but the blow count data suggested that the sand and gravel
soils would have sufficient competence to hold the bore hole open during the drilling work.

Figure 3. Final Design Plan And Profile Of HDD Sewer Main (Stephl Engineering, LLC, 2008)

The entrance pit location was not a desirable site for a drilling rig. The narrow relatively level
area midway up the 34 degree (1.0 rise to 1.4 run) slope was expected to require construction of
some sort of working pad or shored fill to support the drill rig. Excavation into the hillside to
construct a larger working pad was not allowed. As stated earlier, the geotechnical analysis
recommended that the existing hillside was marginally unstable and any excavation or removal of
supporting vegetation should be avoided.

A geotechnical analysis was completed to determine if drilling mud intrusions into the soil matrix
and hydrofracture on the steep slope face would lead to instability and failure of the hillside. The
evaluation determined that the existing sands and gravels at the project site would be less likely
to fail than cohesive and semi-cohesive soils. Additionally, the deep design drill path would
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significantly reduce the risk in comparison to a drill path that starts at the crest of the slope and
has minimum soil cover.

Maximum pullback forces for this alignment were not expected to exceed 8,000 Ibs of force. It
was anticipated that a small to medium size rig would be sufficient to complete the work. The
design path included a 400-foot bend radius that was expected to be well within the allowable
bend capacities of this size of equipment and the 10-inch SDR 11 HDPE product pipe.

5. CONSTRUCTION

The HDD construction was successfully completed during August of 2008 by an experienced
drilling contractor. Early in the project the contractor proposed a modification to the design. The
most significant change was that the drilling be completed in the opposite direction than planned,
with the drill rig located at the upper end of the alignment and the pullback occurring from the
lower end.

During construction, a Vermeer D 36X50 36,000 Ib (small size) drill rig was situated on the uphill
end of the alignment (Figure 4). The rig had a small enough footprint to fit within the constrained
construction area and prevent damage to the surrounding trees and vegetation in the public park.
An exit pit and mud collection hole was constructed at the lower end of the alignment on the small
bench on the hillside. The exit pit excavation had a dual purpose; it was needed for installation of
a new manhole after the HDD work was completed. The exit pit is shown in Figure 5. The size of
the exit pit was kept as small as possible to reduce the risk of creating further instability in the
steep slope.

Figure 4. Small Size Drill Rig Located In The Public Park Area

Paper E-1-05-6



The concern of high drilling mud pressures at the lower end of the alignment and loss of drilling
fluids in the bore path was reduced by excavating a mud relief pit at the midpoint of the HDD
alignment. The 25-foot deep midpoint excavation served a dual-purpose, it was also the location
of the new sewer manhole to be installed after the HDD work was complete.

The midpoint pit elevation was nine feet above the exit pit elevation. This is in comparison to the
elevation difference of 30 feet between the exit and entrance pits in the original design. The
midpoint pit reduced the downhill mud pressures by approximately 20 feet of head.

The pilot bore was successfully completed in the downhill direction with a standard slant-faced
bit. Tracking was accomplished with a DigiTrak Eclipse ground positioning system and the final
pilot bore alignment was well within the required accuracy specifications and hit both manhole
inverts on target. The final vertical alignment of the pilot bore never exceeded more than two to
four inches up or down from the design alignment. Vertical and horizontal measurements were
taken on 10 foot intervals.

Figure 5. Exit Pit At Completion Of The Pilot Bore

The bore path was enlarged only one time with a 14-inch diameter shredder type reamer.
Reaming was not performed along the entire 319-foot long borepath. Reaming was only done in
the 200-foot long borepath area that was between the two manhole locations.

Drilling mud was not recycled. It was collected with a vactor truck in both the midpoint pit and at
the exit pit (Figure 6 and Figure 7). Only one minor hydrofracture occurred; it was within 50 feet
of the drill rig and it did not significantly affect the drilling process.

The 200-foot pullback was successfully accomplished with the 14-inch shredder reamer ahead of
the 10-inch SDR 11 HDPE pipe and pulling head. Drill rig pullback forces and mud pressures
were not significant. The crew averaged a drill rig stem change on the average of once every
three minutes. The entire drilling process was completed in three days of construction work.
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The final bore path slope for the new sewer pipe was modified to a steeper slope angle prior to
drilling to accommodate a change to a higher manhole invert elevation at the uphill end. The
bore alignment through the gravity sewer section was redesigned to a seven percent slope
(versus five percent slope in the original design). Therefore, in each 10 feet of length, the sewer
pipe was designed to drop 0.70 feet. This was considered as a more than adequate slope in the
sewer main to overcome slight variations (sags and bellies) in vertical alignment that may occur
during the HDD process. The combination of minor (2” to 4”) vertical deflections in the pilot bore
path and an estimated maximum four inch annular space (14" diameter bore hole and 10"
diameter product pipe) were not considered significant enough to create flow problems in the new
sewer line. A CCTV inspection of the new HDPE sewer was not completed after the installation.

Figure 6. Exit Pit Mud Flows During Back-Reaming Process
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Figure 7. Reamer And Pulling Head In The Midpoint Pit

6. CLOSING

The new sewer line HDD installation was successfully completed in the steep slope area in
August, 2008 for a cost of $142,000. The entire project has been finished and has been put into
operation.
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