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Keystone Pipeline

Pembina River Directional Drill Crossing

Sink Hole Remediation Approach

1. Introduction

The general remediation method suggested involves the backfilling of the existing
sinkholes, without any improvement to the soils present at depth just above or below the

pipe.

Due to safety constraints, direct access to supply the soil and to provide some nominal
compaction during the filling process will not be allowed. Accordingly, these activities
must be accomplished remotely utilizing equipment situated outside of the fenced area
currently established around the sinkhole. However, based on the premise that the
subsidence process seems to have come to a halt, some supplemental remediation
measures may be attempted after the holes have been backfilled.

Most of the subsidence areas are located in open grassland areas. Although the two
southern-most sinkholes —which eventually merged into each other- did result in the fall
of several trees and also interrupted a trail/access road/snow mobile path.

The remediation method proposed consists of the following steps:

Documentation of Pre-Remediation Conditions
Removal of major debris

Engineered backfill placement

Post Remediation monitoring



2. Documentation of Pre-Construction Conditions.

A complete photographic/video record will be performed of the area inside the fence and
of a 50-ft wide strip on each side of the fenced area, extending from the HDD exit point
to the points where the slope descends steeply to the river.

Reference monumentation will consist of the installation of one monument at each of the
holes and three, equally spaced, along the center line advancing south from the southern-
most sinkholes through the point at which the slope descends to the river.

3. Removal of Major debris

Some mid size pine trees feel into the two southern-most holes. Their presence may
complicate the backfill and may promote localized subsidence as the wood decays over
time. This area may be more critical due to the presence of the trail/access road. The
trees must be removed prior to placing fill in the sinkholes.

4. Engineered Backfilling

The sinkholes may be backfilled in accordance with the general procedures presented
below.

4.1 Soil Type

Exploration performed in the vicinity of the sinkholes indicates that the natural subsoil in
the upper 30 feet of the profile consists of a layer, approximately one foot think of
organic topsoil overlying (predominantly) fine to medium sand mixed with silt and clay.
The sandy soil exhibits loose to medium density.

It is proposed that a silty-to-clean sand soil type (SP-SM) as per the unified soil
classification system be used for backfill.

4.2 Soil Stocking. Estimated Soil Volumes

In principle, we anticipate that stocking of the imported soil will take place in the vicinity
of the right-of-way (ROW) on the sides of the safety fence. We estimate that the distance
to the holes is enough to prevent any stability issues. However, measures must be taken
to prevent disruptions to the runoff that may concentrate flows toward the sinkholes or
the neighboring slopes. Marking the locations and lengths of any of these measures such
as slope breakers, silt fences, etc. shall be done by the contractor in the field.



The most current measurements of footprint dimensions and approximate areas of the
holes provided by Universal Ensco, Inc. (UEI), and estimated hole depths on the order of
20 to 25 feet have been used to estimate the volume of backfill material for the first four
holes (advancing from south to north). To account for the section that involves the first
northern-most five holes we have used the area computed by UEI and an estimated depth
of 6 feet for the “depression” that engulfs these holes.

The total amount adds up to approximately 9,500 cubic yards.

Please note that this estimate is based on very rough visual assessments of depths of the
holes.

4.3 Soil Placement

As indicated before, safety concerns preclude regular soil spreading within the holes.
Placement may be done using conveyors or cranes. Manned equipment must remain
outside the fenced area.

4.3.1 Initial Backfill Placement

As the wall of each hole has deteriorated over the past six moths or so, the soils that have
slid tended to backfill each hole. Currently, the holes show an irregular surface at the
bottom. In order to facilitate a more even engineered restoration, we recommend that an
initial layer of soil be constructed to create a quasi-leveled surface at the bottom of each
hole.

Estimating the level of the fill can be performed via visual inspection. It is suggested that
this activity be conducted by crane.

A layer of geogrid (Tensar Biaxial Geogrid BX6100 or equivalent) will be laid at the top
of the leveling layer. Due to the difficulties in setting the grid, it will be impractical to
cover the entire footprint of the leveled bottom. However, efforts should be made to
cover as much as possible. Several pieces of (overlapping) geogrid may be needed.
Typically, overlaps between sections of grid need to be approximately 2 feet.

4.3.2 Subsequent Backfill Placement

Backfilling of the remaining height can be done using the same general procedure
utilized for the initial leveling layer. A conveyor may be better suited to achieve a more



even gradual build-up. Placing the soil in discrete piles is not recommended, due to lower
stresses and reduced densification.

The placement method described above will most likely lead to a predominantly loose
state.

The natural soils exhibit loose to medium dense conditions. Given the predominantly
granular nature of the backfill material suggested, it is preferable to achieve some level of
compaction within the backfill material to replicate native soil densities. This
compaction should be accomplished using the following method:

Backfill and compact 5 foot layers using small remote controlled equipment. The
interrupted trail at the southern end of the sinkhole area will be compacted using vibro
compaction to increase density of the backfilled materials.

The top one-foot layer shall consist of topsoil. The Contractor shall import soils that
comply with OL-OH type as per the Unified Soil Classification System. Re-vegetation as
per Keystone’s plan may be used to complete the remediation plan being presented.

Due to the fact that settlement is expected to occur after completing the filling process,
we recommend that additional fill be installed to compensate for the settlement. A mound
height (camber) of 2 feet is suggested. Minor temporary runoff control may be installed
around the mounds. Definition of the works can be done on-site as needed.

5. Post-Remediation Monitoring

Visual and topographical monitoring will be performed. As indicated before, monuments
may be installed at the center of each area remediated, so that settlement can be
measured. We recommend an accuracy of 0.5 inches for the measurements.

We recommend monitoring on a bi-weekly basis during the first month after completing
the backfill and monthly thereafter until successive measurements show no movement.
As the readings are interpreted, the frequency will be adjusted and decreased.

6. Safety Measures

Strict safety measures should be enforced during the remediation process. As usual, the
firm or firms that will be hired to do the work shall produce a specific JSA for the job.
Particular attention should be given to limiting access to areas near and within the
sinkholes. The safety plan for this activity must be very clear in regard to excavation
entry violation and exclusion area restrictions. Pre-job training must reinforce this in the
most absolute terms.



Once the remediation is completed, the existing precautions, namely fencing and signs —
perhaps not as alarming as the ones currently in place be kept in place for one month. As
the observations and settlement measurements progress, the precautions may be relaxed.

We estimate that the remediation works may be completed by September. That leaves
little room before the arrival of winter season and associated traffic of snow mobiles and
hikers. More stringent controls and quick response to fix any settlement shall be
implemented around the trail access road on the south end.
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RE:  Pembina River Directional Drill Crossing
Sink Hole Remediation Approach / Remediation Plan Drawings

Dear Sanu,

The North Dakota Forest Service has reviewed the Sink Hole Remediation Approach

Document and the attached drawing for the Pembina River Directional Drill Crossing on
the Tetrault Woods State Forest located in Section 36, Township 163 North, Range 57
West, Cavalier County, North Dakota. The agency concurs with the general remediation

methods and proposed steps outlined in the Sink Hole Remediation Approach.

The North Dakota Forest Service mandates according to the terms of the Right-of-Way
Easement granted to TransCanada Keystone Pipeline LP in 2008, that the grantee shall, after
installation of the underground pipeline, restore the lands subject to this easement to as near
their original condition as reasonably possible and remove all debris, spoils, and equipment
resulting from or used in connection with the installation or access to state forest lands.
Further, the grantee agrees to pay for damage, including but not limited, to roads, trails,

fences and growing crops arising from the construction and maintenance of the pipeline.

One error was noted on map. The location on the map legend should read “Cavalier and

Pembina Counties, North Dakota,” instead of Illinois.

Please continue to keep the North Dakota Forest Service informed and updated on the
sink hole remediation process. We would like to be informed when work on filling the

sink holes is scheduled to begin.

Sincerely,

ﬁ@fmm

Larry A. Kotchman
North Dakota State Forester
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