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Submersible or slurry pumps are used by marine construction and diving groups to extract and/or relocate large
volumes of seabed materials in a safe and controlled manner. The Toyo pump is one of the more commonly
used and well known types of submersible pumps available to the marine construction industry for seabed
material relocation solutions when diver operated air-lift equipment is inadequate. The pump is particularly

effective when precise removal of materials is required in sensitive, confined and/or restricted locations.

The Toyo pump has been adapted and utilized to solve a wide range of subsea extraction and material transfer
projects. The diversity of these applications and the importance of solving each situation in a timely manner
provides evidence of the trust that international and domestic operators and contractors have of Toyo's
effectiveness as a problem solving tool. Additional support for the Toyo pump is provided by the US Army
Engineer Waterways Experiment Station document DRP 3-05 dated 1992 that reported on the results of full-
scale field tests that "The Toyo pump performed the best overall and was only bettered by the Indian River Inlet
educator when pumping wood debris”. The reference to this report is made to illustrate the effectiveness of the
Toyo pump in lifting and moving the type of soils that were found on the lake bottom and to the depth of the
intended trench during the geotechnical investigations. In the report, sand, gravel, rip-rap, timber, plastic liners,
aluminum cans were used as the “medium” for the trials. By comparison, the lake bed materials are more
mundane and are described as “The general soil profile consisted of lake sediment overlying alluvial soils. The
lake sediment were encountered in four of the six borings and appeared to consist of 1 foot of “soil” that would
classify as fat clay, however, the moisture content of the sediment was higher than the soils liquid limit.
Therefore, this sediment was acting more as a fluid. Below the sediment, alluvial soils consisting of lean clay,
silty sand, and poorly graded sand with silt and gravel were encountered. These alluvial soils are the native soils
that were at this site prior to flooding of the lake. The cohesive portions of these soils generally were very soft to

rather soft in consistency and the granular soils had a very loose to medium dense, relatively density” Note 1.

Note 1

“Subsurface Evaluation for Bakkenlink Pipeline Crossing Lake Sakakawea, South of Tioga, North Dakota” by Braun Intertec Corporation
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An unique aspect of dredging with the Toyo submersible pumps is the lack of turbidity. As the impeller rotates
the slurry exits the pump discharge at a much higher velocity than the entry point. This creates a low pressure
zone at the impeller eye and atmospheric pressure pushes more slurry into the pump. This is commonly referred
to as the ability of the pump to create suction. In addition, the agitator directs flow away from the impeller
creating an additional low pressure area between the agitator and the impeller. All the solids that are disturbed
from their settled state are drawn into the low pressure area and through the pump - minimizing turbidity.
Turbidity is further reduced due to the fact that the Toyo pump typically operates sub surface - below the mud

line.

Most pipelines in the Gulf of Mexico (GOM) are lowered using jetting technology. In the jetting process, soils
beneath the pipeline are fluidized with high pressure water and air-lifts remove the fluidized soil from beneath
the pipe. As the jet sled is pulled forward, the pipeline astern of the sled settles into the jetted trench. Jetting
has been used in the GOM since the 1950’s after unburied pipelines were found to be susceptible to fishery
operations and were unprotected during a storm events. The lowering of the pipeline with the top of pipeline
three feet or more below the natural seabed, was introduced to protect and stabilize the pipeline and became a
required standard by Bureau of Ocean Energy Management, Regulation and Enforcement (BOEMRE), for all

new pipelines.

The concept of utilizing a submersible pump for lowering pipelines on a skid mounting straddling an installed
pipeline is not new. Horizon Construction adapted a 1960’s vintage conventional jet sled (see attachments) for
use in the North East offshore environment. The design replaced the surface mounted jet pumps and
compressors that are part of a normal marine jetting spread and concentrated the prime operating units at the
immediate work area. The results from equipment trials prior to mobilization for the North East Gateway project

offshore Boston proved the effectiveness of the new system.

The lack of marine equipment on Lake Sakakawea directed PCS to a pipe-pull methodology using a linear line
pulling winch. With this winch mobilized and used to pull the pipeline across the lake, the use of the winch to
progress a pipeline lowering sled and surface pontoons become the lake was reviewed. Each pipeline lowering
project is unique and equipment is developed to solve the specific needs of the location, seabed conditions,
environment and marine equipment availability. Utilizing experience gained from projects in Indonesia, Malaysia,
Thailand and other locations where small sleds were utilized to lower pipelines using winches to progress the
operation and divers to operate and monitor the progress, PCS developed a concept for a lighter model sled
based on the seabed and environmental conditions and the lack of dedicated marine support and floating lifting
equipment on Lake Sakakawea. Jeveler Construction Co. Inc. (Jeveler) has also developed a single Toyo sled
unit (see attachments) that again minimizes the weight and subsequent transportation effort. Both designs will
be reviewed and evaluated as the project progresses to construction with one of the designs being developed to

a testing stage.
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For the lake crossing, the pipeline trench length between the shorelines and outside the area lowered using
land-based excavators is approximately 12,000 feet. The depth of trench is targeted for 6 feet. The width of the
trench will vary (soil types) but is expected to be an 8 feet box cut with natural sloughing of the walls. This
equates to an approximate 21,000 cubic yard trenching operation. Based on a conservative production rate of
250 cubic yards per hour (see report DRP 3-05) with an effective 10 hour day operation, the total duration is
expected to be 9 days. The first pass is expected to lower the pipeline between 75% to 100% with subsequent
lowering performed by divers if lowering is required in isolated locations or with another pass of the sled if
extended sections require supplemental lowering. Rigging up for an additional pass of the sled will add
approximately 2 days to the schedule to allow for relocation of the resources and rerunning the pull cable. The
dive team will monitor the progress of the sled and the effectiveness of the operation. This monitoring will
include increasing or decreasing the rate of travel as the lowering results are surveyed astern of the sled as the
pipeline settles into the jetted trench. The divers will compare the natural lake bed (at an undisturbed offset) with
the bottom of trench and top of pipe using depth (kluge) indicating hose or instrumentation similar to a C-Depth
system (see attachments). Additionally, after the dive team has advised the Project Engineer that a section of
the pipeline has been lowered to grade, a series of echo sounder cross sectional runs will be made at suitable

spacing along the line by the Surveyors.

The pipeline applications for the Toyo pump over its 60 year plus life span are numerous and in some cases

proprietary however some of its achievements are listed below:

1. Lowering of the shallow water section of a major 36-inch trunk line in the GOM in oyster bed areas (PCS
was the Project Manager for this project)

2. Lowering of a 7,000 feet section of a 36-inch natural gas line in the GOM conducted under FERC
jurisdiction (PCS personnel were part of the project team)

3. Used in the construction of a lowering tool as an alternative/back-up solution for several Atlantic
seaboard pipeline projects (PCS was the Project Manager for this project)

4. Excavation of a pipeline trench adjacent to a producing trunk line in Sabah, Malaysia (PCS personnel
were part of the project team)

5. Uncovering and exposing pipelines requiring repairs post Hurricane Rita (PCS was the Project Manager
for this project)

6. Lowering of a 7,700 feet section of 30-inch natural gas pipeline displaced by a hurricane in the GOM
under MMS jurisdiction (PCS personnel were part of the project team)

7. Maintenance of a dredged pipelines trench for a triple beach pulls in Sarawak, Malaysia (a PCS person
was the Project Manager of this operation)

8. Lowering of several innershore pipelines in Taiwan. (PCS personnel were part of the project team)
Lowering of the innershore section of a 36-inch trunkline crossing the Tapti River in India (a PCS person

was the Project Manager of this operation)
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10.

11.

Lowering of multiple pipelines for a new pipeline crossing in the GOM (PCS personnel were part of the
project team)
Excavation in the immediate shore crossing for an oil loading line at Map Ta Phut Thailand (a PCS

person was the Project Manager of this operation)

For most of these pipeline projects, PCS personnel have played a senior role in either the design, the

development of the application or the actual operation.

Jeveler

Construction Co. Inc (Jeveler) is a Louisiana dredging contractor and equipment supplier that has

participated and developed unique solutions to a wide range of subsea dredging projects using Toyo pumps.

PCS has reviewed several projects with Jeveler and will most likely seek their input for the pipeline lowering of

the Lake Sakakawea pipeline crossing. In addition to its participation in several of the named pipeline projects,

Jeveler

utilized:

has a long list of non-pipeline accomplishments including the following where Toyo pumps were

Several large land developments in the Corpus Christi area (Padre Isles, Pelican Cove and Island
Moorings).

Services in hazardous waste removal, wetland restoration, cofferdam dredging and other forms of
environmental dredging. Our experience in moving materials has allowed us to modify the Toyo pumps
to maximize their capabilities and minimize time and cost.

Dredging Contaminated Sediment - Along the bank of the Hylebos Waterway in Tacoma, Washington
32,000 cubic yards of contaminated sediment is being removed and treated, including some of the most
dangerous chemicals in the Commencement Bay. The Toyo submersible dredge pump was specified as
the preferred method of dredging due to the limited turbidity created when dredging as well as the high
solids content when submerged in material. The treatment costs are considerable, so the focus is
dredging at the highest solids content possible. Material is being pumped 2,000 feet to a
treatment/dewatering process. The sediment is then trucked to a disposal site.

Wetland Restoration - This project was for marsh restoration near the mouth of the Neches River. A
spoil disposal area was created from the dredging of a canal, a cooling water supply source for the
power plant, was excavated down to natural marsh levels to create “coastal prairie” The excavated
spoils were hauled to a centrally located pit, mixed with water from the canal to form slurry and pumped
into the dead marsh area to form islands and higher elevations to promote growth of vegetation.

Filling Geotubes - beach stabilization project for NASA. 4,600 feet of 34’ circumference tubes filled up
to 6’ in height with a medium grained sand. Excavators fed the sand to Javeler's hydraulic drive 75 hp
submersible agitator pump which was placed in a 30" x 20" x 5' deep pit. The sand slurry was pumped
through 2,300 feet of 8 inch HDPE pipe to fill the geotubes.

The following articles and brochures are attached to demonstrate the versatility and effectiveness of the Toyo

pump that will be primary lowering tool for the Lake Sakakawea pipeline crossing



Lake Crossing Lowering, Equipment, Experience and Planning.

Attachments:

o g k> 0w NP

Alternative Pipeline Dredge Assembly (by Jeveler)

Javeler 75 converted Toyo pump (by Jeveler)

Toyo pumps incorporated in a jet sled (for NE application)
Description of the lowering the 7000 feet of 36-inch pipeline
Dredging Research Technical Notes (DRP-3-05)

Electronic Diver Depth Monitoring System
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