


PIPELINE HYDRO - TRANSPORT of Wood Chips is an
Environmentally Sound, Social Responsibility in the
Transportation Industry, Supporting International Trade for
Industrial, Paper, or Biomass Markets:
Continuous flow increases export output, enhances workforce
opportunities, while dramatically reducing carbon emission footprint and
costly highway infrastructure expenditures by excluding truck
transportation.

By Arthur House, EJD

Introduction
   Wood chip feedstock supply is heavily impacted by a level of transport efficiency
or by its negative effect on environmental exigencies, when predominantly
associated with heavy over the road, truck-based transportation. This paper
examines an alternative transport process for the movement of wood chips from
within Maine’s temperate forests to a port facility, for subsequent loading to a
vessel. Pipeline transport of wood chips (hydro-transport) is an “economically
viable means of delivering large volumes” of [wood chips], and can replace
conventional modes of transport – (e.g., truck transport, or rail transport)”[1] - to
improve the economy of pulp and paper mills, fibreboard, plywood, as well as
renewable energy, wood chip biomass facilities. This paper is a review of extant
studies and publications produced by various segments within the forest products
and transportation industries regarding traditional means and methods of
transportation and onshore pipeline transport of wood chips in water mixed
(slurries).
   The aim is to: identify challenges and structural barriers to pipeline transport;
apply appropriate recalibrated mechanical and construction related performance
equations; facilitate a business environment built around the practical regulations
and transparency necessary to ensure sustainable, ethical, and responsible
business practices where applicable to transportation – through lenses of
Corporate Social Responsibility (CSR): Concepts, Methodologies, Tools, and
Applications are a vital reference source on the ways in which corporate entities
can implement responsible strategies and create synergistic value for both
businesses and society.
   Beyond the expansive financial costs of truck transport, there are existential
threats to our regional and global environment - intensified by transportation, not
only by truck transport but, also by rail. Industrial and commercial transport

1

art@arthurhouse.com



is inextricably associated with high carbon emissions, CO2 contamination of the
atmosphere. Over the road truck transportation is viewed in comparison to other
forms of on land bulk transport modes such as rail. Transportation in this review
includes pipeline transport, and all such transport is hereinafter referred to as
‘onshore’ transportation.
   This inspective assessment explores an alternative onshore pipeline transport
option for the movement of wood chips. This is not a new concept however it is
examined here as paradigm alternative to truck or rail transport from forest to
port across Maine. We discuss two pipeline scenarios with varied distances,
which support two distinct scenarios that require independent examination.
  

“The economic advantages of pipeline transportation are quite attractive:”[2]

A Proven Case Review of: Hydraulic
transportation of wood chips by pipeline.

   The Pulp and Paper Research Institute, of Canada, “pioneered in studies of
the technical feasibility of sending wood in the form of chips in water slurry over
long distances through pipelines from the forests to the mills.”[3]  Thiesmeyer
wrote that “At first there was not much interest in this subject on the part of the
pulp and paper industry. The concept seemed too radical a departure from
conventional practices of sending the wood in the form of logs down the river
systems or by truck or rail.” This is likely the same type of sentiment one might
expect in the current climate of rushed opinions and pushback. However, when
a sustainable supply of processed wood chips became an overwhelming demand
for paper mills; the focused turned to pipeline transportation of feedstock, and
that supply was required to be delivered direct from the forests to the mill. The
pipeline was constructed.

“Conventional chips supplied from a nearby mill were sent through this pipeline at varying
velocities and in varying mixtures with the water. The velocities used ranged from 1.2 to
3 meters per second and the mixtures ranged up to 48 percent by volume of wood. At this
high concentration of chips a 20-centimeter (7.87”) diameter pipeline would be capable of
carrying approximately 800 tons bone-dry of wood per day from forest to mill at a flow rate
of 1.8 meters per second, and a pipeline 88 kilometers (54.68 miles) in length would empty
itself in approximately 24 hours. Hence, there would be no strong requirement for a large
pile of chips at the mill or at the feeder end of the pipeline. Thus year-round operations
would be possible and it was estimated that 900,000 cubic meters of wood would be
necessary to feed such a line on a continuous basis the year round. Moreover, it was
established that the chip-water slurry could be passed through an ordinary centrifugal
pump without damage and, indeed, that the damage to the wood for pulp or papermaking
was really negligible after it had been given the equivalent of hundreds of kilometers of
transportation in the pipeline.”[4]
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Benefits of chip pipelines – Reported in the Above Pipeline
Program[5]  and (Current Comments)

1. Low unit transportation costs. (Economies of Scale apply and will reduce
transportation costs as the volume increases. The proposed pipeline in this
paper can be engineered to transport 900,000 Metric Tonnes (990,000 US
Tons) yearly. The capacity of the port infrastructure is capable of handling that
increased volume.
2. Low labor content of the system. There should therefore be only a minor
increase in transportation costs over a conservatively estimated 20-year
pipeline life. (While the project would provide a significant job base for local
workers, the need for a larger work force would only be driven by the increase
in export volume but not due to increased tasks.)
3. Low annual depreciation charges compared to new rail or road construction.
Even a buried line would be less costly than a new road or railroad roadbed.
(During the initial construction phase, a second line could be lowered into the
trenches for future flow to the port, or to allow for a return water line, or to
provide a second line to transport a different type of wood chip at the same
time the first line is pumping.)
4. Drastic reduction in [facility – pump station], forest and in-transit inventories
of pulpwood.
5. Suitability to continuous \ operations.
6. All usable wood species transported without sinkage losses. Reduced need
for costly selective logging and handling.
7. Utilization of small-diameter wood (tree-tops and branches) which are now
largely wasted. (for biomass production and transport, the use of residual fiber
from traditional forestry operations is extremely cost efficient, carbon neutral
and the material would have been left in the forests to decay.)
8. Independence from many weather and terrain conditions. This is particularly
important in northern latitudes. (All lines would be buried at least 5’ deep to
avoid frost. Lines would be most easily and economically buried in right of
ways and or road easement areas – thus reducing the cost of land and the
acquisition of obtaining entitlements.)
9. Elimination of log storage, handling and protection costs at the mill (fire
insurance, watering-down of blockpiles, large capital equipment for building
blockpiles and processing logs to chips.) No need for log ponds, booms,
stackers, conveyors, rafts and tugs, jackladders, woodroom and barkers.
10. Possible re-use of carrier water at the mill for water reclamation.
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11. Availability through the forests of a pressurized water supply for fire-
fighting in an emergency. Eventually a permanent system of hydrants at
important locations.
12. Possibility of sharing between two or more companies the costs and chip
volume use of the pipeline system.
13. Possible multiple use of the line for alternate slugs of chips and other
materials (minerals, ores, etc.) also available in the same forest areas.
Technology for this exists already. (Demand for multiple species from the
same forests is already in existence.)
14. Processing of slash and bark at the head of the trunk pipeline or its
subsidiary feeder lines, flumes or conveyors. Hence, removal of the fire
hazard represented by present practice of leaving slash scattered over the
logged area.
15. Better yields and product quality because of continuous delivery of green
wood to the mill. (In this case, to the port facility).
16. Possible transportation of bark, needles, stumps and roots for utilization.
(EU markets exist for other products including bark, saw dust, mulch
materials, etc.).
17. Wider choice for the location of new mills, even to urban centers closer to
markets. (Today we would look at additional forest locations that could be
utilized as well. Shorter pipelines could be established to tie the added forest
location to the primary pumping station. The hydraulic push could be
accomplished by water flow from the main station and back thought the new
location, in a looped system. This would eliminate the need to build a new
pump at the new forest location.)
18. Possible computerized transportation integrated with computerized mill
pulping and papermaking. (Today, we would implement a system of data
collection points along the pipeline to monitor the myriad of events and
circumstances in the flow. This would be third part inspection services, which
would provide assurances and accountability measures for controlling or
governing entities, and buyers alike.)
19. Much faster wood delivery to the mills for much faster processing there on
a continuous flow basis. (A continuous flow would provide the following (365
days per year, at 24 hours per day would provide 8,760 hours X 85%
efficiency probability = 7,446 productive hours per year).
20. Financing of such a project can be established through MaineDOT Grants,
USDA Grants, Towns and Municipalities, Public Private Partnerships, Joint
Ventures between major forestry professionals, equipment suppliers, End
User/Buyers and by Port Authority recognition and support.
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The economic advantages of pipeline transportation are quite attractive.[6]

The below observations are cited from above mention:
  
  Automation:

Pipelines have been automated for approximately twenty years. Once
[material] has been injected into the pipeline it is left unattended until the next
input or discharge point. Pumping stations are controlled automatically from a
central master station.
  
Dependability:
Dependability of pipelines has been proven. A pipeline in Utah has been
operating for seven years.[7]  The Consolidated Coal Company (evidence of
solid flow of materials harsher than wood chips) operated a 108-mile pipeline
in Ohio without a shutdown for three years.
  
Operating Costs:
Operating costs are; low; other costs are mostly fixed and remain nearly
constant over the life of the installation. Other transportation systems have
higher operating costs and are more easily affected by the rising costs of labor
and personnel.
  
Maintenance Costs:
Maintenance costs are low since pumping stations have few moving parts and
the pipeline is buried and subject to little wear.
  
  
Unintended Attribute of Pipeline Transport of Wood Chips:

   Another benefit to a pipeline transportation system is that it would have major
positive and unintended consequences on advancing the EU requirement that
all wood fiber from North America must meet Phytosanitation Guidelines that
demand wood chip be heated to a temperature of 56°C to the core of the chips,
for a minimum of 30-minutes. This Phytosanitation process has been a stumbling
block or barrier to wood chip exports since 2015.  This author was the first person
(entity) to achieve a full cycle, successful shipment of Heat Treated Kraft Quality
Paper Wood Chips to the EU in September 2014. The shipment went to Mercer
International Paper Company in Germany. The shipment originated from
Searsport, Maine.
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Feedstock Transport Locations
   Maine forests are classified as ‘Temperate’ where they cycle through all four
seasons and depending on the regions throughout Maine, “you can find
coniferous forests full of evergreen trees that have leaves year-round; deciduous
forests with trees that shed their leaves every year; and some forests with a mix
of everything.”[8]  We explore pipeline distances, which support two distinct
scenarios requiring independent examination. (Exhibit “A”)
   The first scenario would extend up to approximately 50-miles, from within the
heavily wooded forests of the Native American ‘Passamaquoddy Tribal Land
Trust’, and it would terminate at the deep-water Port of Eastport, Maine. This
scenario provides a continuous supply source whereby the pipeline would move
wood chips on a continuous 24/7/365 supply schedule, with very little truck
movement required.
  
   The alternative scenario would provide a pipeline system with an approximate
distance of just under 20-miles from within the Meddybemps/Perry region, where
a pipeline receiving station or facility could be constructed and the wood chip
materials could be transported to the Port of Eastport, Maine.
  
   We make no distinction between any particular species of wood-chip feedstock,
whether its end-use is destined for paper production,[9]  manufacture of medium
density fiber (MDF),[10]  oriented strand board (OSB),[11]  or high energy
densified biomass (E=MC3).[12]

Barriers to Increased Utilization of Port Facility

Roads – Highway Constraints
   State Route 190 (SR 190) is a 7.1-mile (11.4 km) state highway that travels from
Water Street in Eastport to U.S. Route 1 (US 1) in Perry.[13]  Route 190 serves
as the connector route to Eastport from the mainland. (Exhibit “B”) Route 190
continues as the primary transportation corridor serving the island city and the
Port of Eastport. Route 190 traverses through Passamaquoddy territory and
presents a naturally understandable barrier due to the necessity of, and reliance
upon this small 7.1-mile path of State Road, to support an extraordinary use of
heavy trucks loaded with wood chips for export.  According to a study for transport
of windmills, conducted by Sewall, the adjoining Route 1 at the intersection of
Route 190 is typically a “50 mph route and slower toward Calais on Rt-1 and
presumptively toward Eastport on Route 190. Pavement is roughly two-twelve foot
lanes with 6-foot shoulder for a total of 36-feet.”[14]
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   To support the “steady stream of shipments that averaged 300,000 [metric] tons
a year and provided consistent work for about 70 direct and indirect workers”[15]
there is a requirement for 11,000 truckloads annually, or a minimum requirement
of 917 truckloads of wood chips to be delivered monthly – and a return traverse
over the same road, by empty truck. For immediate clarity, export volume is
measured in metric tonnage. The equivalent of 300,000 metric tonnes is 330,000
US tons. Legally authorized payloads of wood chips, per truck is 30-US tons. This
volume would require 11,000 fully loaded trucks per year to traverse Route 190.
This accounts for inbound traffic only and is doubled to 22,000 passages, to
account for the return trip outbound from Eastport.

   Maine truck weights allow for a fully loaded rig to be 80,000 pounds (40-US
Tons) gross vehicle weight GVW comprised of tractor/trailer and payload. On
Interstate Systems, there can be exceptions granted to increase the GVW up to
100,000 pounds. Not accounting for overweight loading permits, the standard
GVW inbound to the port will be 80,000 pounds (40-US Tons), and the outbound
GVW will approximate 20,000 pounds (10-US Tons).
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   Considering reasonable hours for heavy truck traverse across Route 190 may
be between 6 AM and 7 PM (13-hours per day), Monday through Friday plus
partial day on Saturday (75-hours per week); the monthly inbound traverse of
917 trucks would roughly equal 229 trucks per week traffic, to require three (3)
trucks per hour – each way or six (6) trucks per hour – hour after hour. Annual
US Tonnage over the 7.1-mile stretch of Route 190 will be 440,000 US Tons per
year to be moved by heavy truck transport.
  
   The above numerical estimates reflect truck traffic required only for wood chip
movement, there is no observance for additional truck traffic required to support
any other port-related services, no accounting for trucking needs to serve
downtown business operations or any other service, and there is no accounting
for traditional private or personal vehicular traffic to support work related
transportation for remote employment. Route 190 cannot sustain truck transport
to support the lowest prediction of 330,000 US Tons per year, much less support
an increase in wear and tear on Route 190 should the export volume of wood
chips meet desired expansion volumes per year.
  

Rail Service – Lack of Existence – Consideration of Restoring Rail Line

   One does not need to be an economic development professional to have an
appreciation of the effect various transportation modes have on the economic
vitality of a city. Eastport lost its rail connection in 1978 when Maine Central
Railroad abandoned the 15.5-mile line out of financial necessity. In 1980 the track
and its infrastructure were removed. “Eastport is just about the only port without
a rail connection in the country.”  Assuming there were available land for a
restoration of the line, and adequate funding for the project was obtainable; the
rail would not go directly to the port, but it would likely terminate in Perry.
  
   Terminating in Perry would create the need for transshipping facility to offload
rail cars, and load wood chip hauler trucks, in a similar manner as was performed
in South LaGrange, during the height of the paper mill production days. The 60-
acre rail-siding in South LaGrange afforded a 40-railcar spur, on approximately a
½ mile rail siding, holding approximately 75-tons of wood chips each (estimated
but slightly higher than an average of 70-US tons). One rail movement per week
to Perry would provide 3,000 US tons per week – two rail movements would
provide 6,000 US tons per week. We base this action on the two rail movement
statistics.
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   The maximum weeks that an active delivery schedule could produce is 52-
weeks per year. This is unrealistic due to circumstances out of the control of any
major rail service. Weather plays a major part in delivery, breakdowns or routine
maintenance cuts into the schedule, and rail operation and management is not
perfect. A probability of continuous service can reasonably be set at an 85%
productivity rate, which provides for 44-weeks of productive rail capacity. This
schedule can produce 265,200 US tons per year, and a short fall of 64,800 US
tons per year through the facility. Using the 30-US ton per truck capacity, we
require 8,840 trucks per year to traverse Route 190 to and from the port and the
rail facility. The remaining 64,800 US tons will come by 2,160 trucks, over Route
190 to and from the port. Combined truck requirement is 11,000 truckloads per
year.

“The end result is that not one single truck is
removed from Route 190 in this scenario”

Cost of Rail Construction

   A rule of thumb for new track construction is between $1 Million - $2 Million per
mile[17],  depending on who is constructing the track. For a track with an additional
rail siding for a 40-car pull, the cost would be closer to the $2 million and as such
that number is relied upon for this review. Some rail clients need a lot of track
space to handle the movement, housing, and operations of a rail system. The
basic planning budget for rail and track only, for the 15.5 miles to be rebuilt equals
upwards of $31 million before rail cars and engines are acquired and before a
transloading system is purchased and set in place.
   For a 40-car pull, each car is estimated to cost on average, “between $100,000
and $200,000”.[18]   For 40-rail cars, we use the lower end of the scale, and
estimate the cost of $4 million. An efficient use of the rail siding and its 40-cars
would be to have 40-cars sitting in Perry, with 40-cars in the originating yard (such
as Millinocket), and another 40-cars in transit at all times. This would provide for
the two trips per week schedule. A 120-rail car purchase is estimated to be $12
million.
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   Acquisition or relocation of South LaGrange transloading system would cost
approximately $1 million new and $500,000 used with transport to Perry. Finally,
we need to purchase a locomotive engine. That acquisition could mirror a recent
purchase by Union Pacific where they bought “ten more all-electric
locomotives…from Caterpillar Inc.’s Progress Rail, investing over $100 million in
total.”[19]  That averages a $10 million purchase for the locomotive alone.

Wood chip Transportation Costs by Truck – Current Estimated
   Average costs of truck transport of wood chips, per short ton, within a range of
20-miles to the port, is currently estimated to be $8.50 per US Ton, and alternatively
if delivered from within a 50-mile range, the delivery cost per US Ton is currently
estimated to be $15.00 per US Ton. To accommodate an export volume of 330,000
US Tons (300,000 MT) from the 20-mile distanced facility, the annual approximate
delivery cost is $2,805,000. Alternatively, if delivered from the 50-mile distanced
facility, the delivery cost is approximated to be $4,950,000 annually.
  
   This paper’s primary goal is not to examine ways to reduce the cost of transport
of raw materials to the port but, rather it seeks to substitute and potentially eliminate
the transportation of wood chips to the port by truck. End user procurement prices
are set by market conditions so are not discussed. The focus is to examine the
best method of delivery to the port to make an export contract possible. Thus,
even if transport costs to the port via pipeline, is equivalent to the cost of trucking,
the global initiatives, and corporate social responsibility challenges are met. Where
the end user cost may not be appreciably affected the utilization of a pipeline for
wood chip transportation is justified.
  

Tangential Matters
   Another ominous transportation cost for trucking of wood chips may be
significantly impacted by a move following electric vehicle trends in Maine over
the next several years. EV purchases in Maine are roughly 2% of total vehicle
sales but are expected to surpass 30% of sales within ten years. The average
increase in individual EV weight is 35% and there is a push to replace current
tractor and cab equipment with electric trucks and cabs. Legal weight of a fully
loaded tractor and trailer on State Roads is 80,000 gross vehicle weight GVW.
That is roughly 40-tons total, with 30-tons of cargo and 10 tons of equipment. If
the weight is increased by even 30% then the weight of the equipment will be
weigh 13 tons. A three ton increase in equipment reduces the cargo load to 27-
US Tons and that translates into more truck trips required, with lighter payloads,
a higher per US Ton cost, and more wear and tear on the roads.
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    Road repair or reconstruction to support 22,000 truck passes over Route 190
will be a constant obligation. Currently Maine DOT is scheduled to seek pricing
proposals, in a planned advertisement on 4/5/2023, for Project WHITING-
EASTPORT, ROUTE1/ROUTE 190 #026630.04, which entails ‘Highway
Preservation Paving’ of Route 1: Beginning at the Pleasant Point town line and
extending south 3.97 miles. [Route 190: Beginning 0.02 of a mile west of Gardner
Lake Road and extending east 3.77 miles. [FHWA INFRA Grant recipient.][20]
With heavy truck traffic required to support the port operations, the next
MaineDOT project might include ‘Highway Construction/Rehabilitation’ at about
$450,000 per mile or roughly $3.3 million for the 7.1-mile stretch. This would be
a recurring cost brought on by heavy traffic and wear and tear.

Environmental – Carbon Emission Concerns Related to Heavy Trucks
   According to the Natural Resources Council of Maine, “Trucks have an outsized
impact on climate change in Maine. The transportation sector is responsible for
54% of Maine’s carbon pollution, and 27% of those emissions are from medium-
and heavy-duty trucks. Reducing emissions from these heavier vehicles is a key
part of Maine’s Climate Action Plan, which is why the Natural Resources Council
of Maine is supporting the Maine Department of Environmental Protection’s (DEP)
proposed Advanced Clean Trucks (ACT) rule.”[21]
  
   The growing bandwagon of clean-truck states also marks progress toward a
goal of making 100% of bus and truck sales electric by 2050, as pledged by 15
governors and the mayor of Washington, D.C., in a memorandum of
understanding from 2020. Maine has already taken steps to adopt the ACT rule
in 2022.[22]  At stake here is that trucks will move toward electric power, increasing
the cost of trucks exponentially, reducing effective payloads to offset increased
weights associated with batteries, the availability of trucks will become scarce,
and drivers are already in demand due to the shortage of driver availability –
which can only be countered by increased wages for drivers.
  

Onshore Hydro-Transport Wood Chip Pipeline

Pipeline Hydraulic Transport
   Pipeline transportation of solids in a slurry mixture is not a new concept. Early
research on solid mixture flow is traced back to a 1906 systematic experimentation
incorporated the testing of solid liquid mixtures through a horizontal pipeline using
centrifugal pump design.[23]
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   During and following the 1960s, significant research was performed on “solid-
liquid mixture flow pipelines constructed to hydraulically transport a variety of
solids.”[24]  Both the “technical and economic advantages of pipeline hydro-
transport have encouraged various sectors to consider replacing conventional
modes of transport, (e.g., road and rail), with pipelines for long-distance transport
purposes.”[25]

   Among the advantages included are: economies of scale in the construction of
the pipeline and associated equipment; capacity to transport, in a continual flow,
large volumes of solids in slurry; excellent safety record (fewer than two incidents
per 10,000 km (6213.7 miles) of pipeline reported per year);[26] the certainty of
- (24/7/365) - continuous operation; substantial reduction of production
inventories; consolidated and streamlined labor participation; and, avoidance of
interference or interruptions due to seasonal inclement weather, or restraint of
the use of roads and highways, or terrain conditions such as are analogous to
the temperate forests of Maine.

‘A fully operational pipeline, with direct transport from a wood chip pumping
station, and terminating at to the port of Eastport, will enable the port
operators to substantially increase export volume, reduce incremental costs
associated with port operations, increase the Town of Eastport’s revenue
base, enhance the size of its workforce and promote increased wage rates.’

Hydraulic Operation Principles of Wood Chip Pipeline

   Experimental investigations on slurry pipelines for transportation of wood chips
has produced a wide range of variables from pipeline materials, diameters,
lengths, wood chip dimensions and density characteristics, types of slurry
mixtures, and optimal velocities of transport. This paper examines the following
physical and hydrological properties. The proposed pipeline is a single line,
without a return line for water reclamation, with an 8” diameter (~200 mm) steel
pipe, with test experimental lengths of 50-miles, and 20-miles respectively. Wood
chips are both coniferous (35-lbs/cf) and deciduous (40-lbs/cf) with dimensions
of thickness: 3-10mm 85% Min. Width: Size 48 mm up < 5% Size 9.5 – 45.0 mm
> 80% Size 4.8 -9.5 mm < 12%.

   The optimum slurry of solids mixture is between 30% to 45% (conservative use
of 30%) wood chips to water content in the slurry mix. Wood chip transport
velocities have been studied from .5-meters to 5-meters per second, however
there is wide consensus that the actual range of velocity should be between 1.5-
meters and 2-meters per second. To predict conservatively, and under estimate
pipe-flow performance, we use the 1 meter per second velocity flow rate.
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   Wood chips, dry weights are 0.38 gram per cubic centimeter or 380 kilogram
per cubic meter, i.e. density of wood chips, dry is equal to 380 kg/m³.[27]   In
Imperial or US customary measurement system, the density is equal to 23.72
pound per cubic foot or 0.22 ounce per cubic inch. These weights are calculated
at bone dry moisture content (MC) however, the wood chips would enter the
system at closer to 45% to 50% MC – which provides for an approximate weight
of 35-pounds per cubic foot.
  
   Utilizing the volumetric formula for a sphere (pipeline) we calculate that V =
πr2h and we conclude there is a volume of 1.39626 cubic feet per 1-foot of pipe –
or, (35 lbs X 1.39626 cf = 48.869 lbs per linear foot of pipe). There are 3.28084
linear feet per meter or 160.33 pounds of wood chips per meter. We opt to calculate
productivity on a 1-meter per second flow velocity of a rounded volume of 160
lbs/s
  

   Next we assign the conservative
30% wood/slurry mixture ratio. In
a 1-meter section, we will move ~
48.1 pounds of wood chips per
second. Carry this to its full
potential to obtain 2,886 lbs/min or
1.44 US tons p/min; per hour we
can achieve 173,160 pounds or
86.58 US tons per hour; or,

63,293 US tons per month; and 748,449 US tons per year. Factor in a productive
capacity rate of 85% and we have a maximum capacity flow of 644,674 US tons
of wood chips to the port by pipeline. While export contracts are not in place for
644,674 US tons of wood chips, the pipeline is capable of supporting that volume
if ever needed.

“Not one tractor trailer or wood chip hauling truck is required.”
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The two scenario processes simplified:
   The proposal is to transport up to a minimum of 330,000 US Tons of wood chips
to meet the size standards of either MDF or Biomass, through an 8" steel pipeline,
in a slurry of 70% water to 30% wood chip, and to pump these wood chips a
distance of either 20-miles or 50-miles from a pumping station to the laydown
yard at the port of Eastport, without the need for any trucking of wood chips
between the points of origination and the port destination.
  
  Pipeline Construction and Per Ton Transport Cost  Estimates[28]
   Preliminary cost analysis of pipeline construction in 2022 dollars is adjusted
from a 2004 detailed cost analysis of a 65-mile single pipe system. We used a
CPI Inflation Calculator, as found at:                                               https://www.
bls.gov/data/inflation_calculator.htm.
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   The one line item that is most costly in any scenario is the furnishing and
installation of the actual pipeline. Here we adjusted the pipeline cost only from
65-miles to an adjusted 20-mile and 50-mile distance accordingly. The 20-mile
distanced facility has an estimated cost of $41,078,052 or roughly $2 million per
mile. Alternatively, the 50-mile distanced facility has an estimated cost of
$83,188,330 or roughly $1.67 million per mile. In the peer reviewed publication
[29] we also utilize the cost of transport for the 20-mile system and the 50-mile
system respectively. In reliance upon the above mentioned publication, by Kumar,
et al, and the CPI adjustments, the cost of transport of wood chips along the 20-
mile system is $21.54 per US ton and for the 50-mile system the cost is $18.48
per US ton respectively.

Corporate social responsibility: environmental impact
   Corporate social responsibility (CSR) can refer to a wide range of actions that
businesses may take.  One primary focus of CSR is the environment.
Environmental CSR aims to reduce any damaging effects on the environment
from business processes. Activities in this paper focus primarily on: Reduction of
Carbon Emissions. The unmistakable aim in this transition of wood chip
transportation by pipeline is to remove as many heavy trucks from the roadways
in Maine as possible.
  
   Typical wood chip trailers will haul 30 US ton of wood chips in a single load. As
discussed in this paper the minimum volume of wood chips that would require
truck transportation is 330,000 US tons or roughly 11,000 fully loaded wood chip
hauler trailers. Considering the two pipeline scenarios studied in this review; the
first of which would originate in the Meddybemps/Perry pipeline site is 20-miles
from the port facility. This round trip process would require 440,000 miles per
year with a combination truck/trailer rig of 80,000 GVW.
   Alternatively, if driving from the Passamaquoddy Tribal Land Trust yard, the
same number of trucks would be required however, the round trip per truck is
100-miles. To accomplish the transport to the port from this origination point is
1,100,000 miles per year.
  

   Along with buses and passenger vehicles, trucks are responsible for excessive
transportation carbon emissions in the US.[30]  A truck CO2 emission per km
calculator reveals that an average truck, covering a distance of around 120,000
miles every year, emits 223 tons of CO2 per annum. This is based on an estimated
calculation of 400 miles every day over six days per week, and a total of 50 weeks
every year. The calculation is also based on 6.5 miles (10.46km) per gallon of
fuel (diesel).[31]
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   In 2020, diesel fuel consumption in the transport sector of the US produced 432
million metric tons of carbon dioxide, which equaled just over a quarter of the total
CO2 emissions of the transport sector. To estimate diesel truck CO2 emissions
per km, a simple calculation can be used. Firstly, 1 liter of diesel equals 835g and
consists of 86.2% carbon, which equals 720g of CO2 per single liter of diesel.
Combustion of the carbon to CO2 requires 1920g of oxygen. The calculation then
looks like this: 720 + 1920 = 2640g of CO2 per single liter of diesel. Consumption
of 5 liters per 100 km will then be 5l x 2640 g/l / 100 (per km) = 132g CO2 per
kilometer.[32]

A formula for calculating greenhouse gas emissions from a truck move:

   Using the formula from above, we can arrive at a simple emissions calculation
example for a truck that travels 1,000 miles with 30 short tons of cargo (a short
ton is 2,000 lbs). One truck load of wood chips would weigh 30-US tons or 60,000
pounds (cargo only).

20-Mile Distance from Meddybemps/Perry to the Port Scenario:

Step 1: Determine the total amount of miles. Multiply 440,000 miles times 30 tons, which gives us a total
of 13,200,000 transport miles.
  
Step 2: The average freight truck in the U.S. emits 161.8 grams of CO2 per transport mile.
  
Step 3: Multiplying this emissions factor with the total transport miles {161.8 X 13,200,000), which gives
us a total of 2,135,760,000 grams of CO2.
  
Step 4: Convert the total grams into metric tons. Metric tons are the standard measurement unit for
corporate emissions of greenhouse gases. There are 1,000,000 grams in a metric ton. To convert our
answer from step three we divide it by 1,000,000. This gives us 2,135.76 metric tons of CO2.
  
Conclusion: The use of a pipeline for wood chip transport from Meddybemps/Perry will reduce the CO2
footprint by 2,135.76 metric tons.
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59-Mile Distance from Passamaquoddy Tribal Land Trust yard to the Port
Scenario:

Step 1: Determine the total amount of miles. Multiply 1,100,000 miles times 30 tons, which
gives us a total of 33,000,000 transport miles.
  
Step 2: The average freight truck in the U.S. emits 161.8 grams of CO2 per transport mile.
  
Step 3: Multiplying this emissions factor with the total transport miles {161.8 X 33,000,000),
which gives us a total of 5,339,400,000 grams of CO2.
  
Step 4: Convert the total grams into metric tons. Metric tons are the standard measurement
unit for corporate emissions of greenhouse gases. There are 1,000,000 grams in a metric ton.
To convert our answer from step three we divide it by 1,000,000. This gives us 5,339,400
metric tons of CO2.
  
Conclusion: The use of a pipeline for wood chip transport from the Passamaquoddy Tribal
Land Trust yard will reduce the CO2 footprint by 5,339,400 metric tons.
  

Recommendations and Conclusion

Hydraulic transportation of wood chips by pipeline is a sound and reasonable
alternative to truck transport of wood chips to the Port of Eastport.
  
Implementation of a pipeline for wood chip transport will provide the necessary
delivery process for the port to reach its full potential regarding the export of
wood chips.
  
The cost of pipeline transport is appreciably lower than that of truck transport.
The environmental benefits of a pipeline over traditional truck transport are
substantial in terms of significantly lowering the carbon footprint of
transportation.
  
A pipeline installed along Route 190, within the easements and right of ways
will eliminate the truck traffic along Route 190 and provide for unrestrained
transport along a traditionally bottlenecked transport route.
  
Building of a pipeline at this time would also reduce the potential for ongoing
road repairs and maintenance and also mitigate the future need for a total
road reconstruction project along Route 190.
  
A pipeline that removes truck traffic associated with wood chips will also open
the door to a lesser demanding transport of exportable logs to the port for
either container loading or vessel loading.
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Other Export Potentials

   While biomass grade wood chips have been a primary focus for some time now;
other end users of wood chips for MDF, OSB and Paper are interested in Maine.
This writer has existing, current contacts that require in excess of 300,000 metric
tonnes of fiber each, on an annual basis. A pipeline to the port can bring up to
600,000 metric tonnes of business. A typical client buyer of who have either
executed contracts and agreements for wood chips via CMI, or are awaiting a
reasonable path for supply includes: Koch Industries of Switzerland, Osman Barış
ERDOĞAN (nephew to President Erdogan of Turkey), Yildiz Integre of the US and
Turkey, Bord na Mona of Ireland, Bee Energy of Belgium (now defunct), Marubeni
Canada Ltd., GNT Group of Companies of Canada, Mercer International of
Germany, and others.
  
   Log exports to the EU and beyond, can be exported from Eastport. While the
relative proximity of ST. John, to Eastport will continue to be a viable export facility,
Eastport may accommodate loggers who wish to haul logs to the port facility, in
lieu of reduced traffic related to wood chips. Proven markets for log exports have
been established. In excess of $23 million per year in containerized log exports
has been established (however, due to trade war issues and COVID-19 these
trade contracts have been temporarily halted). This writer had established an
extremely cost effective shipment regime of logs from Searsport to either Boston
of direct to Port Elizabeth, NJ. The required volume for the barge service was a
minimum of 200-containers per month. The logistics of Searsport is perfect
however the pushback by port situated entities stalled the project and then COVID
hit then the opportunity stalled. This log export business however, is immediately
accessible and can be actionable via Eastport.
  

   Eastport can be designated the “Export Fiber Hub of Maine” as Portland is close
to its maximum capacity, and Searsport has been and continues to be ill-equipped
to handle wood chip export due to loading constraints. Pursuant to a recent
spillage of baled waste materials from Ireland, intended for shipment to a local
power plant, it is not likely that Searsport will venture into woodchips in the future.

   A strategic alliance has been created with one of the world’s leading shippers:
Oldendorff.[33]  This Internationally Renowned company, has cooperated with
CMI to bring vessels to Maine (and New Haven, CT) to move either wood chips
in bulk and or in high density baled configuration that solved the long-standing
stowage problem regarding wood chips.
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   Typically wood chips would bulk out a vessel before weighing out. With the
heat treated, E=MC3  high density compacted product, the cubic foot stowage
of wood chips has met and exceeded the stow value of wood pellets, thus
eliminating the most important cost disadvantage previously known to wood chip
export. A presentation was made to the International Biomass Conference  in
Nashville, TN.
  
   For any further in-depth information or follow up questions; CMI can be reached
at the below provided contacts.
  

Arthur House, EJD
Senior Resident Engineer
John Turner Consulting
Cell: 207-930-5168
Email: ahouse@consultjtc.com
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Researchers and Consulting Companies
   The above is a preliminary review and analysis in support of constructing a
Hydraulic Pipeline transportation system for the transport of wood chips to the
Port of Eastport. Substantive work on this proposed program is currently in
progress in cooperation with Northern Illinois University.
  
   Mahdi Vaezi, Ph.D., Assistant Professor in the Department of Engineering
Technology, at the College of Engineering and Engineering Technology
(CEET), Northern Illinois University located at 103B Still Hall | DeKalb, IL
60115 Email: mvaezi@niu.edu
  
   Arthur House, EJD is a Forest Products Industry Consultant and Program
Developer and Coordinator with an office in Belfast, Maine. Mr. House is a
Senior Resident Engineer with John Turner Consulting[36]  located in Dover,
NH and serving the entire New England region and the State of New York. Mr.
House’s primary focus at JTC is on Maine-based, infrastructure projects as
initiated by Municipalities, MaineDOT, and Maine Transit Authority.
  
   Mr. House is President and Founder of Construction Management Institutes
(“CMI”),[37] of Maine and Florida – Established in 2001, as a consulting
company, with 25-years of experience in biomass, biodiesel and renewable
energy research and development. CMI and John Turner Consulting will
provide consulting services on studying the techno-economy of large-scale and
long-distance biomass pipelines, also assessing the viability of the proposed
technology in the U.S. and its potential to be applied to other feedstock or
commodity streams to enhance the outlook.
  
   Collaborating with the Co-PIs and the consultants, coming from various
sectors with expertise in pipeline flow, biomass processing, and bioenergy
economy and logistics, helps link the project directly to biomass feedstock
collection and preparation, transportation and biorefinery sectors.
  
   A paper was recently published by the PI (Rheology of fiber suspension flows
in pipeline hydro transport of biomass feedstock, Biosystems Engineering, vol.
200, 2020) and is listed in the proposal to address the concern about the
continuum of the PI research studies.
  
   Mr. House envisions working with MaineDOT, the Town of Eastport, regional
municipalities, and Maine-based Universities or Colleges to seek support and
funding for these education facilities to undertake their work.
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Arthur House, EJD may be reached at his JTC Email:
ahouse@consultjtc.com, his CMI Email: art@arthurhouse.
com, or at ahouse@snhu.edu and ahouse1@rochesteru.
edu, where he teaches Construction - Contract Law
and Business Law, as an Adjunct Professor. Or he
can be reached at Telephone: 207-930-5168
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Exhibit "A"

Exhibit "B"
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Recognizing and Avoiding Risks to Municipalities,
Taxpayers, and Stakeholders on Capital Public
Construction Projects:
Highway Reconstruction, MaineDOT Pavement Projects, Bridge
Repairs, and Department of Public Works Infrastructure Projects

By: Arthur House, EJD, Senior Resident Engineer, JTC Consulting

Introduction
   Risk is a quantifiable component of uncertainty, for which we can estimate an
‘incidence probability’ and the magnitude or extent of any proximate loss, injury,
or damage caused by any particular incident or occurrence. Risk is
acknowledged as a deviation from the desired or intended level or outcome of
the bargained-for product or service incorporated in a construction agreement
or contract. The result of an incident or occurrence can be positive or, it can be
negative. Similar to a passenger airline on landing at an airport; the pilot may
plan to touch down on the numbers and arrive safely at the gate on time. An
unanticipated, or unforeseen event may interfere with that presumption. The
pilot may be able to stop earlier than expects and turn toward the gate sooner
or, that same pilot might overshoot or overrun the runway, thus not arriving at
the gate – on time, if ever.
  
   A risk analysis is deemed a vital assessment of potential adverse events or
occurrences beginning at the planning stage of a construction project, and
continuing throughout the project up to and including completion and closeout.
Risk is commonly thought of as the probability of an event or action that causes
the possibility of a loss or injury to the project. While the connotation of loss or
damages generally supports the observance of negative or adverse outcomes;
the opposite is equally possible, where innovative management oversight or,
alternative means or methods, may produce opportunities for any variety of cost
savings, project schedule acceleration, or enhanced quality control and delivery.
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Independent Risk Analysis and Oversight Services

   The primary value of retaining an independent oversight and risk management
consulting firm is to draw upon the experiences of seasoned professionals in the
construction industry in the pursuit of risk management, and the mitigation or
avoidance of financial exposure to the municipality, owner, and taxpayers.
Engaging ‘John Turner Consulting’ as an oversight professional and risk
avoidance entity, early on, is best justified by the words spoken in an insurance
company advertisement – “We know a thing or two because we’ve seen a thing
or two.”  In our present litigious world, the construction environment is rampant
with controversy and disputes.
   Bringing in professional talent to help mitigate risks, proves that the municipality
or project owner is exercising due diligence and ensuring its duty of care to the
public is not compromised.  “…risk management in the construction industry
requires a complementary, interdisciplinary, flexible approach allowing to capture
the changing character of risk factors (qualitative, quantitative) as well as it
requires a precise description and explanation of the mechanisms involved in
the organization of construction production.”[1]

Public Infrastructure Expenditure is Fraught with Cost Overruns

   Sharing an observation about infrastructure projects in Wisconsin; as reported
in an article, “…some infrastructure projects have been far more egregious than
others. We’ve historically seen cost overruns of [between] 25 to 50 percent, for
transportation projects, and projected benefits that often failed to fully materialize.”
[2] The New York Times, often a booster of government spending has publicly
warned of “Years of Delays, Billions in Overruns: The Dismal History of Big
Infrastructure.” The state inspector general of Wisconsin, Stephen Street,
estimates that as much as 10% of large, infrastructure project, budgeted
expenditures can fall prey to waste and even be fraudulently used.
   Street says, “There’s built-in fraud with such a gargantuan amount of money,”
and “Any time you have that amount of money, it’s almost impossible to oversee
every dime… it just can’t be done.” He concluded that “There’s not enough
personnel, not enough man hours in a day. And, “at the end of the day, it all comes
out of taxpayers’ pockets.”[3]
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   The recent $1.2 trillion infrastructure package directed $500 billion to highways,
and $39 billion to urban transit, among other items. This paper focuses on Maine’s
infrastructure work and the recently presented Maine Department of
Transportation (MaineDOT) ‘Work Plan’ for the three calendar-year periods of
2022, 2023, and 2024, which included capital projects and programs, maintenance
and operations activities, and administrative functions. The plan contains 2,316
individual work items with a total budget of $3.17 billion. The Work Plan consisted
principally of work to be delivered or coordinated through MaineDOT, but included
funding and work by other transportation partners, including airports and transit
agencies.  Arising from the Work Plan budget of $3.17 billion, roughly $1.8 billion
is allocated to “Highway and Bridge Capital” projects, and an additional $535
million is dedicated to “Highway and Bridge Operation.”

Project Risks Associated with Infrastructure Work – Construction Risks
   ‘John Turner Consulting’ (JTC), referred to as an “Agent” for the owners,
municipalities, and taxpayers. As an Agent, JTC routinely will become more
significantly engaged in the project just after the bid and award phase, and more
specifically, once the project is let out to the successful bidder of the work. JTC
is characteristically involved in the ‘Construction phase’ and continue throughout
the ‘Post-construction phase’ and turn-over of the project.
   The Agent’s professional obligation is to the owner in all aspects of managing
and executing the project. While there are risks inherent to the general contractor,
and other prime contractor entities; the duty and care guaranteed by the Agent,
are owed to the owner. A project life-cycle is traditionally divided into five phases,
which include: 1.) Pre-design, 2.) Design, 3.) Bid and Award, 4.) Construction,
and 5.) Post Construction. As referenced above, the first two phases are typically
handled by the owner and their professional design and engineering teams. As
an Agent, there is a distinction between providing professional objectivity and
counsel to its owner/client, and that of being a zealous advocate for the owner/
client.
  
   A duty of care owed to the owner/client must be to provide unbiased, open,
fair, and objective oversight, daily record keeping, and continuous attention to
all manners of performance by all contracted entities on the project – in the event
that a risk of cost escalation, or schedule creep becomes apparent enough to
affect the project is a meaningful way. The Agent shall never be swayed by a
bias toward any participant, seeking to establish their rights over another party –
whereas, the focus should never be on who is right, rather than doing what is
right for the project.
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Checklist of Applicable Tasks – from Bid Award to Turnkey and Close
Out of Project

   The list of applicable tasks shall start with risk identification that could conceivably
cause loss or damage but, a more precise examination must also identify
opportunities for project enhancements in terms of cost containment, and
opportunities that may provide for an efficient and equitable escalation process.
Below we provide a road map of tasks that fall under risk avoidance categories.
We will provide examples where appropriate of opportunities as well. The source
of the explicit task considerations is derived of a substantial study, and publication,
underwritten by Northeastern University, Department of Civil and Environmental
Engineering.[4]

Bid and Award Phase

  o Project delivery

   The methodology implemented on any project or program is of paramount
interest to the Agent as each contract or agreement has its own particular terms
and conditions, and it is necessary to understand the methodologies, intuitively,
in order to manage, monitor, and evaluate deliverables incumbent upon all parties.
A robust list, not inclusive of all potential methodologies, is provided:
  
- Turnkey, design-build
- Design-bid-build
- Single prime
- Multi-prime
- Guaranteed Max/ Gen Contractor (GM/GC)
- CM @ Risk
  

  o Contract Payment Terms

  Lump Sum – Fixed price – Here the contractor has tremendous exposure to
cost increases, if the project schedule should be unduly extended. Alternatively,
the owner may experience an unfair benefit if the project schedule is extended
significantly, and the owner does not pay any upcharge for price escalations.

  Unit price – Here the contractor will be at a disadvantage if there exists no
language that allows a price modification or increase.
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  Unit price – Here the contractor will be at a disadvantage if there exists no
language that allows a price modification or increase.
  
  Cost plus – Here the owner may opt to purchase all materials directly so as to
eliminate a cost mark-up (e.g., a 15% mark-up on $1 million agreement if
purchases are made direct by the owner, will save $150,000 for the owner.)
  Contract size – Here it may prove to be a disadvantage to the owner, if a contract
is so large that the budget precludes participation in the process by other firms.
If only two firms are capable of performing the contract, at the larger budget,
then both companies have a motive to hold their prices artificially high because
there is no alternative available to the owner – and the public is damaged.
  

   Below is a continuation of the individual tasks that are essential to the foundational
makeup of a Risk Assessment Study for any significant public project. In the
interest of brevity, we can be contacted for additional dissemination and
explanation of the content for each task.

Contractor

Experience and performance on similar projects
Character, capacity, capital, continuity (criteria used by surety)
Safety record
Need for bonds, bond limits, surety’s reputation
Familiarity with the area
Cost, schedule, and document control practices
History regarding claims and change orders
History of delivering on-time and on-budget
Subcontractor qualifications and capacity
Subcontractor roles and responsibilities
QA/QC program (contractor and subcontractors)
  

Market conditions

Number of bidders
Availability of supplies and subs
Unemployment rate in construction trades
Workload of regional contractors
General economic climate that can affect bidding behavior
Material and energy prices
Inflation rate, interest rate
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Regulatory conditions

Owner/CM involvement

Guarantees

Environmental and ADA requirements
DBE requirements and (local) workforce participation
Taxes and duties
Limitations on the use of overseas materials and equipment
  

Clear definition of CM (Agency) scope and authority
Underestimation of the level of effort (soft costs)
Supplying of material
Testing, inspection, safety
Start-up and providing clear access to the site
MOUs- coordination with local agencies, companies, and community groups
Communication channels/MIS
  

Contractors’ bonds or letters of credit
Designer’s liability insurance
Consequential damages
Liquidated damages
Performance/quality
Cost/schedule
  

Construction Phase

Work schedule
   Abutting contractors
   Limit work hours, restrictions on construction activities i.e. blasting, trucking
   Maintenance of traffic, restrictions on traffic flow and access to site
   Disruption to public and businesses
   Coordination with utilities and other agencies
   Coordination with suppliers (long-lead orders)
   Subcontractors’ delay, contractor’s failure to effectively manage subs
   Weather effects on schedule
   Cash flow and contractor payments
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Means and methods
  New, untried techniques
  Noise, dust, fumes, excessive vibrations
  Utility relocation
  Errors in the design of temporary facilities
  Construction errors
  Accidents
  Material shortages and large price increases
  Delays in mobilization (equipment and manpower)
  Failure of major equipment
  Hardware/software problems (control systems, integration, etc)
  
Acts of God/force majeure, including but not limited to:
  Inclement weather
  Earthquake
  Flood
  Fire
  Terrorism
  Labor
  Strikes
  Accidents
  Large wage fluctuations
  Sabotage, theft
  Substance abuse
  Unions
  Material wastes
  Insurance
  Productivity (in 'Force Account' contracts this can directly affect the owner)
  

Post – Construction Phase
  Individual systems and full integrated testing
  Owner training
  Full commissioning
  Occupancy permit (building projects)
  Warranty issues
  Close-out of financing, funding, permitting agreements, and conditions
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Common Causes of Construction Delays and Cost Overruns
Inadequate planning
  Before mobilizing to a construction site, owners must work with and coordinate
with their contractor to consider the comprehensive schedule and work plan. The
project planning process must account for delays that can be caused by many
events or occurrences including but not limited to severe weather events or supply
chain issues. For these potential holdups, owners might face a decision that could
lead to an extended budget or the project timeline to avoid unexpected, last-
minute changes.
  
Labor shortages
  Labor shortages have reached unprecedented levels. The construction industry
experiences higher losses, with a worker shortage of 430,000 in the U.S. and
40% of construction workers expected to retire in the next decade.  Owners can
avoid delays by planning for labor shortages. Owners must communicate with
subcontractors and team members in an effort to access the level of workers you
have available for the project. Here, a lack of adequate labor may force owners
to issue change orders for extended time and an accompanying increase in
project costs.
  
Supply chain issues
  The construction sector currently experiences more delays in obtaining materials
than most other industries. Almost 60% of construction businesses report supplier
delays. Material costs have also risen, especially among lumber and steel
products.
  
Equipment availability and operational effectiveness

   On major road construction, or substantial rehabilitation, and reconstruction of
state roads and highways, the availability of heavy paving equipment, rollers and
such can become a major concern, especially if there is a great deal of work
throughout the state, going on at the same time. This concern is extended to
trucking equipment and the necessary support equipment required to load,
unload, and handle massive quantities of materials.

Severe weather and unforeseen storms or disasters
   Rain, wind, snow, and other severe weather events often stop construction for
hours or days. Since building takes place outside, workers can experience extreme
weather, especially during long projects that span every season. While you can’t
predict the weather, use forecasts and past weather data to inform your building
decisions.
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Project scope creep

   If any factors change without authorization or control measures, your project
experiences scope creep and deadlines must extend to accommodate changes.
Reducing or eliminating scope changes will keep your project running smoothly.
Owners can reduce scope creep by setting clear boundaries as they begin a
project. Ensure that any changes meet approval before execution.

Lack of communication

   For a project to stay on track, every team member must know the schedule
and any changes that occur. Owners, Agents, and contractors must track changes
and document them so the team and stakeholders can adjust accordingly.
Keeping everyone in the loop maintains constant activity during building, rather
than waiting for different subcontractors or crews to arrive.

Streamline the construction process

   During the entire construction phase, proactively envision, evaluate, and account
for occurrences or events like labor shortages or severe weather to create a
realistic schedule. Communicate with your team during building and maintain
equipment well to avoid delays. Recognizing the primary causes of construction
delays will help you prevent future ones and improve project management skills.
With the utilization and implementation of JTC for the entire project, owners will
achieve a more predictable end result.

[1] Agnieszka Dziadosz, Mariusz Rejment, Risk analysis in construction project -
chosen methods, ScienceDirect, Operational Research in Sustainable Development and
Civil Engineering - meeting of EURO working group and 15th German-Lithuanian-Polish
colloquium (ORSDCE 2015) Accessed at: https://www.sciencedirect.com/science/article/pii/
S1877705815031239
[2] Ken Wysocky, Government Infrastructure Spending Beset with Widespread Cost
Overruns, Printed in New York Times, April 25, 2022, Accessed at: https://www.
badgerinstitute.org/diggings/government-infrastructure-spending-beset-
with-widespread-cost-overruns/
[3] Id.
[4] Ali Touran, Northeastern University, Owner’s Risk Reduction Techniques Using a CM,
October 2006,
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Our company’s mission is to provide outstanding service, to
contribute to our clients’ success, and to exceed expectations. We
are committed to quality, efficient service, and meeting customer
requirements for all aspects of our engineering services and
solutions.

19 Dover Street -Dover, NH 03820
Phone: 603-749-1841
Website: https://www.consultjtc.com
Email: johnt@consultjtc.com
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