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EXECUTIVE SUMMARY
Project Purpose and Need for Engineering Study
The town of Dinosaur is located on US Highway 40 just south of Dinosaur National
Monument within Moffat County, Colorado.
Currently, the residents and businesses in Dinosaur utilize propane, electricity, or
firewood as a heat source. The relatively high price of propane and electricity compared
to natural gas and the highly variable price of propane have caused a financial burden on
many families. Additionally, the lack of natural gas poses additional costs on existing
businesses and community facilities and presents a significant obstacle to attracting new
commerce or residents. The lack of natural gas hinders economic progress in Dinosaur.
In 2019, the Dinosaur City Council received a grant to research ways to bring natural gas
to the small community. This is not the first-time natural gas has been considered but
may be the most realistic and best funded attempt. The grant from Colorado Dept. of
Local Affairs (DOLA) funded a Preliminary Engineering Review (PER) to evaluate the
feasibility of a municipal gas utility. The outline of a standard USDA PER is attached as
Exhibit 1.
Three pipeline route alternatives were evaluated to bring natural gas to Dinosaur. The
study works through the potential market, environmental impacts, design, and capacity
with estimated cost, and permitting requirements for a gas utility system.
The project would make natural gas available to more than 170 homes, municipal and
county facilities, library and welcome center and local businesses within the town, as well
as nearby residences and facilities for the National Park Service. It is estimated that
switching to natural gas would save the residents of Dinosaur more than $100,000 each
year.
Operation and Maintenance (O&M) requirements for a gas utility have been evaluated.
The Town of Rangely operates its municipal gas utility and is interested in assisting
Dinosaur with the gas-specific field tasks.
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The Study includes a public involvement process that included surveys of energy usage
and a public meeting.
A financial model was developed to determine the feasibility of the project. By analyzing
potential conversion rates based on similar projects, the Study gives guidance on a path
to building a gas utility and make it self-sustaining.
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1.0

PROJECT IDENTIFICATION

1.1 Project Description and Location
The Town of Dinosaur, Colorado is a village of about 200 structures, located on US
Highway 40 near the border with Utah. It was incorporated as the town of Baxter Springs,
then renamed Artesia in the oil boom of the 1940s. The current name was adopted in
1966, to capitalize on the town's proximity to the expanded Dinosaur National
Monument. The main access point to the Monument is just outside of town, including
most access to the Green and Yampa Rivers.
The residents and businesses in Dinosaur currently utilize propane, electricity, and wood
as a heat source. Natural gas is not available, although most homes and commerce in the
region have access to natural gas supplied by a utility. Census data show that 69% of all
homes in Colorado are heated with gas, and 82% of all homes in Utah.
The relatively high price of propane and electricity compared to natural gas and the highly
variable price of propane has caused a financial burden on many families, businesses, and
community facilities in Dinosaur.
This Preliminary Engineering Report examines the feasibility of building a natural gas
utility in the community.
1.2 Project History
In 1956, Northwest Pipeline Company (NWPL) built a 1500-mile pipeline to the Pacific
Northwest from the gas fields in the Four Corners area. The original 26-inch steel pipeline
went through or near Moab, UT and Grand Junction, CO; to Vernal UT and Green River,
WY; then on to serve Boise, Portland and Seattle and many points in between.
The original NWPL mainline passed only 4 miles southwest of Dinosaur. Over those six
decades, several oil & gas drilling booms have developed in the region. Thousands of
wells were drilled in the last decade in the Uintah Basin, and their gas mostly transported
by NWPL, but the town never got natural gas service.
Nearby towns in Utah including Vernal were served for decades by Mountain Fuel (now
Dominion Questar). The nearest Colorado town of Rangely built its own municipal gas
system. Other regional Colorado towns have been served for many decades by Public
3

Service (now Xcel) in Grand Junction-Meeker-Rifle, and Greeley Gas (now Atmos) in Craig
and Steamboat Springs.
The Town has contacted NWPL (now part of the Williams Companies) and various
producers and utility developers over the years, but had limited resources and no
corporate sponsor; and still 64 years later, the Town of Dinosaur has no natural gas.
In late 2019, the Town, working with USDA Rural Development, received a grant from the
Colorado Department of Local Affairs (DOLA) to perform a research and design study (the
Study) to research and plan for the feasibility of providing natural gas to the Dinosaur
community. The grant proposal identified several issues to be addressed as part of the
Study, including:
• Identify potential gas customers: active water meters in Town, outlying buildings
within extension distance, structures and homes at Dinosaur National Monument
and National Park Service or NPS center, and all active buildings in between;
• Characterize these users for current heating source: propane tank, all-electric,
large wood pile; assign load estimates to each customer; estimate total BTU load;
• Research existing heating fuels & prices; conversion rates;
• Lay out potential routes for the supply pipeline from NWPL; check BLM vs private
ownership; provide rough design for regulator station & odorizer & telemetry;
• Design the town piping system; reg station, meter count, service lines, conditions
for construction, impact on roads & utilities; specify material-model-mfr-size;
• All design & layout will be done in ESRI ArcGIS for easy mapping and eventually,
for long-term database & DOT recordkeeping;
• Cost estimate of the pipeline systems and startup costs;
• NWPL contact and update cost estimate; evaluate alternatives; FERC issues;
• Create economic model and proforma financial analysis;
• Compare resulting natural gas rates with existing fuel costs;
• Long-term comparisons of natural gas vs propane prices, discuss sensitivities;
• Regulatory issues: discuss DOT regulations and all required pipeline safety
programs (O&M, EP, OQ, DIMP, PA etc.); CPUC jurisdiction & interaction;
• Review available Town personnel, resources & processes to run this utility;
• Wrap all findings into a comprehensive report with maps, tables, exhibits; with
recommendations based on comparison with similar small gas utilities.
4

1.3 Physical and Environmental Attributes of the Project Area
1.3.1 Geology and Soils
The project area is in Moffat, Rio Blanco and Uintah Counties within northwestern
Colorado and eastern Utah. Figure 1.1 shows a general location map of the project area,
which encompasses Dinosaur as well as the various supply pipeline alternatives.
This project area lies within the Uintah Basin along the Green River. The soils are defined
geologically as Quaternary period alluvium, undivided with clay, silt, sand, gravel, and
some caliche. Gravel includes sedimentary and igneous rock clasts. These would have
been transported and deposited from glacial recession of the continental ice sheet
directly or melting causing alluvial floodplain deposits. More recently soils would be more
likely transported and deposited by wind from the surrounding desert or mountainous
areas. These events occurred in the Quaternary period (2.6 million years to present day;
modern geology) including the Pleistocene and Holocene epochs.
These soils are called fluvisols that are characteristically deep and well drained to
excessively well drained. The topsoil and subsoil layers are primarily loam with mixtures
and variations of silt, sand, gravel, and clay. These soils are moderately erodible with an
erodibility range between 0.20 to 0.39 (on a scale from 0 to 0.64, higher values being
more erodible). These soils generally have a pH of 8.0 and are carbonate-rich with a very
low electric conductivity. These soils have a moderate to high steel corrosion risk making
them more suitable for Polyethylene (PE) pipe.
These soils overlay mostly sedimentary rock composed of sandstone and shales. The
sandstones are from the Mesa Verde group from the Upper Cretaceous period. The shales
are of the Mancos group from the Upper Cretaceous period. The latter would make up
any shallow or exposed bedrock sections that would occur in the project area.
The soil characteristics in the area along the project route chosen should be ideal for
plowing or trenching PE gas pipe at the desired depth. Though shallow bedrock exists in
short sections of the project, there should be sufficient topsoil for construction. Though
interaction with bedrock should be minimal, a rock saw should be available on standby.
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1.3.2 Floodplain
The project is in the upper portions of the Cliff Creek and Dripping Rock Creek drainage
basins. Water flowing to the northwest eventually runs into Cliff Creek that flows into the
Green River near Jensen, Utah. To the southeast of the project, water flows into Dripping
Rock Creek and eventually into the White River about 12 miles west of Rangely. The White
River is tributary to the Green River entering just south of Ouray, Utah. The Green River
originates in Wyoming and is a major contributor of the lower Colorado River.
Both upper watersheds in the project area consist of intermittent dry wash streams that
may only fill with water seasonally or following short weather events. None of the natural
waterways in the direct vicinity of the project hold water year-round.
1.3.3 Surface Water
There is very little natural surface water in this area. Surface water in intermittent streams
and low areas may only be seasonal following local weather events or snowmelt. In the
surrounding rangeland there are half a dozen very small, diked ponds that may be in use
seasonally for livestock but are very often dry. The Town of Dinosaur maintains two
wastewater evaporation ponds southeast of town.
With well-drained but compact soils and surface bedrock common in the surrounding
area, flash flooding and overland flow is a common occurrence following precipitation
events. This occurs when the precipitation rate exceeds the rate of water infiltration in
the soil or in areas with shallow or exposed bedrock. These however are very seasonal
and specific events do not often last very long. Such events have been known to bury
above-ground water and sewer valves and manholes located in low unpaved areas in the
Town of Dinosaur. This will be considered when designing and installing the natural gas
distribution valves for the system. The gas pipelines will be at least 30” deep and should
be unaffected by flooding events.
1.3.4 Groundwater
The Colorado Plateau aquifers underlie an area of approximately 110,000 square miles in
western Colorado, northwestern New Mexico, northeastern Arizona, and eastern Utah.
The distribution of aquifers in the Colorado Plateau is controlled in part by the structural
deformation and erosion that has occurred since deposition of the sediments that
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compose the aquifers. In general, the aquifers in the Colorado Plateau area are composed
of permeable, moderately to well-consolidated sedimentary rocks.
More specifically the Colorado Plateau Aquifers in the project area include the UintahAnimas (South), Mesa Verde (Central), and the Dakota-Glen Canyon (North) aquifer
systems. Underlying these are various confining units that are made up of relatively
impermeable rock separating aquifer systems.
These are moderately to poorly recharged aquifers, usually recharged at higher altitude
where there is greater precipitation and more permeability at the margins of each basin.
Recharge would be more likely in the alluvium and sandstone layers, but not in the
Mancos shale layers. Ground water is discharged mainly to streams, springs, and by
transpiration from vegetation growing along stream valleys. Ground water would
generally flow toward discharge areas of the Green River and White River depending on
the watershed.
Water depths range from ground surface to 1000 ft below the surface. In the project
area, there are not any apparent aquifer recharge or ground water collection areas that
would affect construction of gas pipelines at the desired depth. There is a very low
probability of interacting with an aquifer in construction of this project.
*Ground water data sourced from the GROUND WATER ATLAS of the UNITED STATES: Arizona,
Colorado, New Mexico, Utah HA 730-C

1.3.5 Biological Environment
The biological environment around Dinosaur can be classified as high desert steppe, and
nearly entirely used as grazing rangeland. Most of the ecosystem in the project area
outside of town is made up of sagebrush and saltbush with various grasses and desert
wildflowers as well as scattered areas of pinyon-juniper shrub and forest land. Perennial
plants (sage, shrubs, and trees) in the area are very hearty and can survive with minimal
water. Most other plants (forbs, grasses) in this type of ecosystem are annuals or biennials
and occur seasonally, with some perennial bunch grasses. Plants are often spread out,
leaving exposed ground in areas. This along with sparse tree cover in most areas causes
some pros and cons. The soil is exposed to wind from all directions. The wind can deposit
finer soils (loam, sand, silt), or the wind “taketh away”, causing a strangely sporadic
nutrient cycle.
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Ecosystems like this that are managed as rangeland with livestock and localized oil worker
activity are very susceptible to invasive species. Along most disturbed areas are all sorts
of plants brought in from many years of activity. These can include Russian thistle,
sunflowers, cheat grass, sweet clover, and other invasive species. These are not
necessarily inherently bad for the ecosystem but can often outcompete the native forbs
and grasses as many invasive species are very hearty and adaptive. This can permanently
change the ecosystem and a trend towards new invasive species may decrease habitat
for the native wildlife.
Ecosystems in town or around houses are more likely to have larger tree species like
cottonwoods and possibly spruce as well as grassy lawns and ornamental species. There
is usually an abundance of invasive species in occupied areas, with more water due to
infrastructure. The species diversity will be reflected as desert species that may occur in
wetter areas (native or invasive). This creates a kind of man-made oasis affect.
High desert steppe can also contain added biology in the soil in the forms of long-living
crypto-biotic colonies. These thrive in low precipitation off the beaten path in undisturbed
areas. They are unlikely to occur in the project route.
The pipeline alignments are designed to be entirely in previously disturbed areas, in or
along BLM roads and trails, and in public rights of way in the Town of Dinosaur and along
state highways. Most of the pipe in the rangeland will be plowed into place, causing
minimal disturbance to root structures and plants compared to trenching techniques.
Most trenched construction will be in roads where there is little existing vegetation.
1.3.6 Wildlife and Habitat
The project is in historically disturbed areas (roads and public ways) and is not classified
as special habitat for wildlife.
The surrounding high desert steppe and pinyon-pine ecosystems would be habitat for
many species native to Northwestern Colorado. This includes elk, mule deer, pronghorn
antelope, coyotes, rabbits, prairie dogs, lizards, various insects, songbirds, raptors,
various rodents, possibly snakes, as well as various game birds. Dinosaur is in the GMU
#10 hunting unit which boasts having the largest elk population in Colorado. During the
8

months most conducive to construction, most elk stay at the higher elevations away from
town.
The surrounding area is mostly managed rangeland and could have cattle, goats, and
other livestock grazing in areas. Northwestern Colorado has a population of wild horses
with a very large range that could sporadically move through the area.
Some of the surrounding area near the project may be classified as Sage Grouse habitat
which would require construction to be timed for specific times of year outside of the
species mating and nesting seasons. This would require insight and regulation from the
BLM that would be addressed through the SF-299 application process.
The construction period near any habitat would be less than a week in any one spot and
would minimize any habitat disturbance from noise, spatial occupation, or ground
disturbance. This project will not pose any significant disturbance to wildlife.
1.3.7 Wetlands
There are no designated wetlands along the route of the project. All streams and
managed rangeland ponds are intermittent and seasonal. See Section 1.3.3 on Surface
Water for more detail.
1.3.8 Historic and Cultural Resources
The area around Dinosaur, CO has a long and rich cultural history. Pictographs and
petroglyphs made by historic peoples have been found in many areas nearby including
Dinosaur National Monument north of town. The current estimation is that people have
been living in this area for around 10,000 years.
The Fremont people were thought to live in this area around 800-1200 years ago. They
were thought to be the primary creators of the rock art in the area and have left many
traces of historical value. They were the forerunners of more modern tribes such as the
Ute and Shoshone that still live in the area today.
In the 1700s, Spanish explorers made expeditions into the region looking for routes to
California and claiming land for Spain, Mexico, and God. The route through Northern
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Colorado was not often used after the initial expeditions until trappers and later American
settlers started exploring the area.
Homesteaders and settlers came out in the mid to late 1800s likely veering off from the
main route of the Oregon, California, and Mormon trails or straggling up through the
mountains of Colorado looking for beaver and gold. The lucky settlers that had access to
water stayed and some have descendants in the area today.
The paleontological record found in Dinosaur National Monument is one of the more
impressive finds of Dinosaur fossils found in history. The historical significance of the area
has been very important in the understanding of the world’s cultural and scientific records
and that of the Western US. The resources in this area has most likely caused the rewriting
of history multiple times.
The project route will be constructed in existing roads and public ways and will not be
near any of any identified valuable cultural sites. The BLM will assess the area further in
the SF-299 application process. No disturbance of any historic cultural resource is
anticipated in this project.
1.3.9 Overall Environmental Impacts
Environmental Impacts from construction of the system will be negligible.
The 5-mile line from NWPL runs entirely down an existing 2-track trail on BLM land.
Because there are no underground utilities or difficult soil conditions, this line can be
entirely plowed into place. Since the plow does not remove all deep-rooted plants,
reseeding and other rehab are not needed.
The small-diameter PE pipe mains can be installed in trenched ditches generally 6-8” wide
with 24-30” of cover, and 18” for service lines. Most of these trenches are in existing
Town alleys and along the sides of streets, with little curb & gutter or pavement
disturbance. The disturbed soils will not need much rehabilitation for mains in Town
corridors, and rehab of each service in the yards will be up to the individual customers.
Any crossings of paved streets, US 40 and others that could potentially disturb pavement,
traffic, commerce, or other valuable assets can be directionally bored.
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There are no stream or wetlands crossings in the entire project. There are no chemicals
used in the construction process. There are no significant emissions other than typical
excavators, trenchers, trucks, and other construction equipment. There is a minimal
amount of natural gas released in the pressure testing and startup process, which is very
sporadic and limited.
In short, the proposed project will have minimal negative environmental impact during
construction. The larger environmental impact will be positive, as natural gas displaces
propane, solid fuels and electricity generated by coal or gas, all of which have significantly
more emissions and carbon footprint than natural gas heating.
1.4 Population and Growth Trends
Latest population estimates from the U.S. Census Bureau (USCB 2018) indicated that the
2018 population of Dinosaur was approximately 278. This is down from an estimated peak
population of 339 in 2010. The 2018 Census estimate had 112 occupied houses in town
plus 15 counted outside of the town limits including the NPS housing. This is down from
an estimated 211 occupied units in 2010.
Census data can be flawed with numbers lower than reality, due to missing data on
citizens that do not participate. We believe this may be the case for the 2018 Census
estimate. Our GIS survey of the town came up with a larger number of approximately
180 occupied structures including 150 residences.
The population of Dinosaur has been mostly stable over the years, with a slight declining
trend since 2010. Growth is not expected or projected for the Dinosaur community. Any
new gas utility project will have to stand on current parameters of size, occupancy, and
heating fuel.
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2.0

PROJECT NEEDS

2.1 Public Involvement
Public involvement and communication are crucial components of any community
planning process or feasibility study. Success hinges upon mass engagement of the public.
The Town staff of Dinosaur facilitated a public involvement process for the Study. This
process involved a public meeting, newspaper and web-based notifications, informational
posting at the post office, and print based surveys sent out with the water bills including
data & opinion collection.
2.1.1 Public Meetings
Following a month-long advertising campaign utilizing flyers, mailings, Facebook, and
local paper notifications, one public meeting was held at 6:00 PM September 8th, 2020 at
Town Hall.
Many aspects of the project were discussed in this meeting: project design, pipeline
alignment, NWPL delivery station & tap fee, construction, GIS mapping & database,
estimated cost, economics, needs from the community, cost to customers, project
viability, operations of a completed system, the future of natural gas in the energy
market, and the funding of the project. An optional project could be the public financing
of new water heaters as an incentive for new customers. Rangely Gas was discussed as
the most viable solution for the higher-level operating tasks that would be required of the
utility. The highly circulated rumor of high gas prices in Rangely was addressed and largely
put to rest.
The public meeting was scheduled to be outside in the park for CoVid social distancing
reasons. The advertised event happened to coincide with a freakishly early winter storm
day with cold temperatures, heavy winds, and rain and snow. The meeting was moved to
Town Hall, with about 20 attendees including several town council and staff and citizens.
The participants were very receptive and had many good questions that were answered
thoroughly. All issues seemed to be addressed and everyone was in good spirits and in
support of the project at the end of the meeting.
Going forward, the consultants asked that staff would collect propane usage for any
residents or entities willing to share information. Further information would be sent out
12

with the town water bills to inform the public and possibly collect more usage information
from potential customers.
2.2 Identified Project Benefits
Dinosaur is located near the Utah border on US 40 from Denver, through Steamboat
Springs and Vernal to Salt Lake City. The Town furnishes water and wastewater service
to all addresses in town or directly adjacent to town. There is no public system to deliver
energy such as natural gas.
Although Northwest Pipeline went by in 1956, no entity stepped up to extend natural gas
service to Dinosaur. The 2010 US Census data show a mix of Home Heating Fuel in
Dinosaur that is typical of a high altitude, cold climate Western community that does not
have natural gas:
• 47% on bottled propane
• 21% on electric heat
• 32% on all other fuels, most likely wood-pellet-coal stoves
• 0% had No Fuel Used, which would include solar heat
The last 32% are primarily on solid fuels, as declared on the Census form. It is widely
known that many of the propane and electric heating systems are also supplemented with
solid fuels.
The study did not include energy audits of actual structures, to review energy saving
practices like insulation, windows and sealing, or the age and efficiency of the primary
heating unit. These are useful for individual residents but not practical for a wider study.
To estimate typical heating loads, we analyzed usage records for gas customers in similar
climates. Pinedale Natural Gas or PNG operates the utilities in Pinedale, WY and Walden,
CO, where PNG operates the Town of Walden municipal gas utility. For determination of
an average Residential customer, we used history from similar conditions of altitude,
climate, and size & age of structure. We also used actual usage history of some residential
propane users in Dinosaur. We gathered actual usage history for several larger users such
as Town Hall, the Library, the Moffat County roads shop, and others.
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Comparisons were made of heating costs for a typical residence on natural gas, electricity,
and propane. Wholesale natural gas and propane prices are based on decades of records
by Pinedale Natural Gas and a related propane company.
The average annual savings of a typical home heated by propane that switches to natural
gas would be about $700 per year. A typical all-electric household would save about $200
per year.
At least $100,000 annually would stay in the pockets of local residents if there was
widespread conversion to natural gas. The project savings would not only benefit the
residents of the Dinosaur community but would have a positive economic effect that
would ripple through Moffat County and surrounding area.
There are other significant benefits to service from a natural gas utility. Compared with
bottled propane used by 47% of Dinosaur homes, natural gas from a utility system is
always available, doesn’t run out in late winter when prices are high and the bottle is low;
and is not curtailed when supply shortages hit the region.
Compared with solid fuels used by another 32% of Dinosaur, natural gas burns far cleaner
with near-zero smell or soot or outside exhaust. There is not a late-fall scramble to cut
firewood, nor the constant attention to refueling the stove.
Aging Infrastructure is not a significant issue on this project since there is no utility gas
system now in use. But with about 2/3 of all structures built before 1980, any original
home heating system has low energy efficiency in the 50-65% range. This compares with
90%-plus efficiencies for systems from the mid-1980s forward. Natural gas conversions
should greatly increase energy efficiency. The same advance will apply to most solid fuel
appliances.
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3.0

POTENTIAL SERVICE AREA AND NUMBER OF ANTICIPATED CONNECTIONS

Natural gas utility projects must be built on strong economic justification. Every occupied
structure must have water, electricity, and communications lines, but natural gas is not
an absolute necessity. For several decades, utility gas has been significantly cheaper than
heat from propane, heating oil and especially electric heat. In addition to the savings in
heating costs, health and security are usually improved with natural gas conversion.
A major contributing factor to the success of this project will be the conversion rate of
existing heating systems to natural gas. If only a limited number of residences and
businesses convert, the price of gas charged to those customers would be relatively high,
thus making conversion unattractive. In contrast, if a large percentage of the residences
and businesses convert to natural gas, the rates would be significantly lower and would
make conversion from propane or electricity more attractive.
3.1 Dinosaur
The Town of Dinosaur is a very rural village of about 200 structures, located on US
Highway 40 in Moffat County, Colorado near the border with Utah. The nearest
communities are Rangely, CO about 18 miles southeast; Vernal, UT 38 miles west, and the
county seat Craig, CO at 88 miles east.
According to 2018 Census estimates, Dinosaur has 112 occupied households within its
town limits and has a total population of 278 (USCB 2018). There are 15 occupied
households including the NPS facilities outside the town limits. We have adjusted the
Census numbers based on actual counts and believe there are 150 occupied households
in the surrounding area. Refer to Section 1.4 for more detail.
Dinosaur has several public and community buildings: Town Hall, the US Post Office, the
US 40 Welcome Center, Moffat County Library and the road & bridge maintenance shop
that also hosts the medical Clinic; and Artesia Fire Dept. has several buildings. The Town
has committed to convert to all its heating loads to natural gas when available. The
Dinosaur school closed in 2014 and is in the process of being remodeled and converted
to a community center.
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Dinosaur hosts a variety of businesses including restaurants, motels, gas stationconvenience stores, a church, trucking company, liquor store and marijuana dispensaries
that could all benefit from natural gas service.
All of these are potential commercial gas customer that would anchor the gas utility. The
project as evaluated would extend gas utility mains along streets and alleys to serve every
address in the Town of Dinosaur.
3.2 Outlying Areas
In addition to the base project serving the town, the PER study includes a short extension
of gas mains to the east along US 40 to the National Park Service (NPS) complex at the
entrance to Dinosaur National Monument at Harpers Corner Road.
This extension would serve a dozen residences and ranches along with some NPS facilities.
The NPS compound includes a welcome center at the entrance, adjoining Park offices, a
large maintenance shop, a smaller shop and yard. Up the Park road northwest and hidden
from public traffic are 8 employee houses and a seasonal employee 6-plex dormitory.
The community of Blue Mesa with a dozen homes is 6 miles east from the NPS facilities.
To the west of town 0.6 miles are some ranch buildings and an old store at Sand Spring
Wash. These were not included in the study project due to long extensions that would
not likely be justified. These are best evaluated when the utility is up and running.
3.3 Number of Anticipated Connections
The Dinosaur utility can only be successful with a high conversion rate for propane users,
and a modest conversion of electric heat. The base project includes gas mains serving the
entire area. The base project also includes the cost of the service line to the building wall
of each customer, to reduce the cost of connection and increase the rate of conversion.
3.3.1 Residential
In and around the Town of Dinosaur are approximately 150 occupied residential units.
The project appears to be feasible if 100-120 homes convert within the first 2 years after
construction.
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3.3.2 Commercial & Government
In and around the Town are approximately 25 occupied commercial structures. Business
and government buildings are generally larger with higher annual heating demand and
would anchor the utility. The study anticipates that virtually all businesses and
government properties would convert to natural gas. The Town is working to convert the
old school building to a community center. This would be a significant gas user but was
not counted in the study until Year 3.
3.3.3 Outlying Areas
The private residences and ranches along US 40 east of town would generally require
longer service lines than homes in town. The project design and cost estimate include a
service line up to 200 ft, then likely a modest charge for extra footage. These charges will
be evaluated case-by-case when gas service is requested.
The NPS welcome center is usually closed for winter. The center and adjoining offices are
heated with 2 large heat pumps that also provide air conditioning. These will not likely
be converted.
The smaller 1800 sq ft maintenance shop is heated with propane and can be converted.
The larger 10,800 sq ft shop is scheduled for replacement and would likely be heated with
propane, so can be converted.
The 8 single-family homes in the NPS employee housing area are heated with propane
and would be easy to convert. The 6-plex dormitory is all-electric and generally summeronly, so would not likely convert.
The Park Service expressed its commitment and support in a 2015 letter for an earlier gas
proposal. The current facilities superintendent also supports the gas project and
provided updated load information, as well as a new 2020 letter of support.
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4.0

REGULATORY REQUIREMENTS

This section describes the general permitting requirements associated with construction
of a natural gas pipeline from NWPL to Dinosaur and the distribution system in town and
nearby. Permits may be required from several federal, state, and local agencies or
entities. This section describes the general permitting process and basis for various
permits, while Section 7 evaluates permitting considerations for various pipeline
alignment alternatives.
4.1 Federal Energy Regulatory Commission (FERC)
The best practical locations for a connection to Northwest Pipeline are both in Utah, while
the distribution system is in Colorado. The supply pipeline to Dinosaur would then be, in
fact an interstate pipeline.
Most interstate pipelines like NWPL are regulated by FERC. To avoid FERC jurisdiction,
Dinosaur will ask FERC to be considered a Hinshaw pipeline, which is a local distribution
utility or pipeline served by interstate pipelines that is not subject to FERC jurisdiction.
This is a very important distinction, to be regulated at the state level as an intrastate
pipeline. FERC pipelines are governed at the federal level, which brings many more
regulatory and compliance requirements that would be daunting for a small distribution
utility.
Hinshaw exemptions are granted to gas distribution companies that cross state borders,
since they are already regulated by the States in which they operate. A good regional
example is Mountain Fuel (Questar-Dominion), that gathers gas in Wyoming and serves
Rock Springs and other towns, but also transports gas to serve the Salt Lake – Wasatch
area. This is a Hinshaw pipeline in Wyoming and Utah, but it cannot move gas around
FERC into Nevada.
4.1.1 Filing a FERC Determination
Section 7(f) of the Natural Gas Act, 15 U.S.C. §717f(f), provides for the determination of a
service area so that a gas utility such as Dinosaur may supply local distribution markets
across state lines without further FERC authorization.
For a Utah connection, Dinosaur would ask FERC for a "7F Determination" that the
Dinosaur gas system may exist in Utah and Colorado, that the supply pipeline may cross
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state lines, and that Dinosaur can serve customers in a defined area without FERC
regulation.
There are two options to obtain a 7F Determination for the Dinosaur distribution system.
Both involve filing the same paperwork and obtaining the same pipeline status.
The obvious option is to hire a FERC attorney. Since there are few FERC specialists outside
of Washington DC, and one would professionally create a complete FERC case record, the
cost would likely range $25-50,000 for the result.
The second and better option is to mimic other, similar cases. In 2013, Pinedale Natural
Gas assisted Walden Gas with a Hinshaw exemption for its transmission and distribution
system constructed in Colorado and Wyoming. Using similar previous Hinshaw cases as
a basis, Walden’s lawyer in Wyoming filed a 7F application with FERC. This process cost
under $5,000 and took 6 months but did not require a large FERC case record and was a
relatively simple transaction.
4.2 Bureau of Land Management
A pipeline right-of-way grant application (SF-299) will be required to cross federal lands
administered by the US BLM. This usually involves a Plan of Development (POD), a
Reclamation Plan, as well as application and processing fees. The BLM will assess the
project and usually issue a 30-year lease or other agreement if the project is to their
standards. A bond may be issued which is usually refundable after a certain time after
construction. A municipality can often submit a certificate of insurance in lieu of the
bond. NEPA implications are addressed in detail in the previous section. Potential federal
land crossings for each alignment alternative are addressed in Section 7.
4.3 U.S. Army Corp of Engineers (USACE)
Under Section 404 of the Clean Water Act (CWA), projects that directly discharge fill or
dredge material into Waters of the U.S. require a 404 permit. Waters of the U.S. typically
include lakes, streams, wetlands, and certain other water bodies. Wetlands are aquatic
features defined as “those areas that are inundated or saturated by surface or ground
water at a frequency and duration sufficient to support, and that under normal
circumstances do support, a prevalence of vegetation typically adapted for life in
saturated soil conditions. Wetlands generally include swamps, marshes, bogs, and similar
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areas” (33 CFR §328.3(b)). Wetlands subject to the CWA jurisdiction are known as
“jurisdictional wetlands,” while those wetlands not subject to CWA jurisdiction are known
as “non-jurisdictional” wetlands. Isolated waters and wetlands and man-made ditches
and channels also may be considered jurisdictional aquatic resources, which must be
verified by the USACE. The natural gas pipeline installation would not require any creek
crossings or any other potentially jurisdictional aquatic resources and would not require
any level of USACE permitting prior to the start of construction.
4.3.1 Design Criteria
Disturbance of Waters of the U.S. should occur only when other alternatives are not
feasible. The design of the pipeline should be an avoidance-based, iterative process.
Potential jurisdictional aquatic resources should be identified using the National
Wetlands Inventory (NWI), aerial imagery, and U.S. Geological Survey (USGS) topographic
mapping.
A field investigation has been conducted. There are no wetlands or stream crossings
within the area of this project.
4.4 National Environmental Policy Act (NEPA)
The National Environmental Policy Act (NEPA) requires federal agencies to determine if a
proposed action has significant environmental effects and to assess the effects of the
proposed action. NEPA procedural requirements are triggered when a federal agency
decides on an action, including financing a project or approving a permit application. In
this case, NEPA procedures may be triggered by crossing federal lands (including Bureau
of Land Management [BLM], National Park Service [NPS], and/or U.S. Forest Service lands)
and/or by receiving federal financing such as through the USDA-RD.
If NEPA procedures are triggered, a NEPA analysis must be conducted that considers the
affected environment (including such things as threatened and endangered species;
historic and cultural resources; and wetlands), potential impacts, and mitigation
measures to reduce or avoid impacts. Since there is the potential for the involvement of
multiple federal agencies, the agency with the major role in the proposed action may
serve as the “joint lead agency.” Other federal agencies, if involved, would participate as
a “cooperating agency”, and could tier off the NEPA analysis to formulate a decision on
the proposed action. Depending on the significance of the potential environmental
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impacts, the NEPA analysis may result in a categorical exclusion document (CATEX),
environmental assessment (EA), or environmental impact statement (EIS). The
appropriate level of NEPA analysis would be based on agency/agencies initial analytical
evaluations.
4.4.1 Categorical Exclusion (CATEX)
A federal action may be categorically excluded from a detailed environmental analysis if
it does not individually or cumulatively have a significant effect on the human
environment (EPA 2016). The reason for the exclusion is generally detailed in NEPA
procedures adopted by each federal agency. In the event of a CATEX determination,
neither an EA nor EIS would be required.
4.4.2 Environmental Assessment (EA)
For situations where a CATEX cannot determine if significant impacts are expected,
federal agencies may decide to prepare an EA. An EA will determine whether a federal
action has the potential to cause significant environmental effects. Each federal agency
has its own NEPA procedures, but generally the EA includes a brief discussion of project
need, the proposed action and alternatives, agencies/persons consulted, and the
environmental impacts of the proposed action and alternatives.
Based on the EA, the federal agency can determine that the action will have no significant
impact and issue a Finding of No Significant Impact (FONSI); or the EA may determine that
the environmental impacts of the project are significant and that an Environmental
Impact Statement (EIS) must be prepared (EPA 2016).
The principal review agency for the proposed project is the BLM. The proposed pipeline
will follow existing, long-term disturbances for 100% of its corridor to town, then the
distribution mains will follow public easements for 100% of alignment. This project will
be reviewed by BLM and will likely be considered for Categorical Exclusion with no further
EA or certainly EIS work.
4.5 National Park Service (NPS)
General support was given for this project from NPS staff. To cross NPS land to serve the
8 houses and NPS center, there will be a permitting and environmental review process
like that of the BLM SF-299 application. NPS staff does not believe this to be much of a
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hurdle since the project will exist in previously disturbed right-of-way. Since that section
of the project will only exist to service the NPS facilities, NPS staff has incentive to make
this process move as quickly and easy as practical.
If this project is treated as other similar projects by PNG, the SF-299 processes for BLM
and NPS can be combined into a single permit administered by BLM.
4.6 Colorado Public Utilities Commission (CPUC)
The CPUC is responsible for regulating natural gas utilities that provide retail gas service
to Colorado customers. The CPUC duties include granting certificates of public
convenience and necessity (CPCN) for new utilities and major facilities; reviewing,
analyzing and hearing gas utility applications to pass-on wholesale cost increases in the
cost of natural gas; reviewing integrated resource plans for large gas utilities; and
approving mergers, acquisitions and transactions between companies, among other
things. The CPUC also administers compliance with gas pipeline safety regulations under
contract with US DOT Pipeline & Hazardous Materials Safety Administration or PHMSA.
The Dinosaur municipal gas system (like that of Rangely and Walden and others) should
not require a CPCN to serve gas customers in Colorado. The utility will be subject to the
CPUC jurisdiction for compliance with pipeline safety rules at 49CFR Part 192 et al.
4.7 Colorado Department of Transportation (CDOT)
A permit from CDOT would be required to install a natural gas pipeline within, or boring
underneath, a state or federal highway right-of-way. To obtain this permit, CDOT would
require the utility to submit a Utility and Special Use Permit Application, prior to
construction.
4.7.1 Utility and Special Use Permit
This is the application for a license to place a utility on CDOT land or within CDOT rightof-way. It specifies that the licensee is the ultimate owner or entity who will take
responsibility for the installation once construction is completed.
CDOT will provide a list of installation/construction criteria that will be required by the
CDOT district where work is taking place (in this case, District 3 based in Grand Junction).
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The permit application would also likely need a Certificate of Insurance from contractor
as well as the Town of Dinosaur. Several drawings would be required as part of the
submittal to CDOT, including plan views, construction details, typical sections, location
maps, and traffic control plans.
There is no cost for the CDOT Utility and Special Use Permit, but traffic control measures
are always required while in the CDOT RoW. Any crossings of paved roads with frequent
traffic are usually required to be bored. When plowing or trenching, the ROW will be
required to be seeded and restored to prior conditions or better.
This permit can be applied for online through the CDOT Utility/Special Use Application
Portal on the CDOT.Gov website.
4.8 Colorado Department of Public Health and Environment (CDPHE)
CDPHE has several requirements that may be required prior to pipeline construction or
hydrostatic testing, as described below.
4.8.1 Land Development Air Pollutant Emission Notice (APEN)
Land development projects that are greater or equal to 25 contiguous acres and/or 6
months in duration typically require the submission of an Air Pollutant Emission Notice
(APEN) and may require an air permit (in some cases APENs and air permits are not
required due to estimated air emissions below reporting thresholds). This project will not
trigger this requirement with less than 25 A disturbance. Construction of service lines will
persist for years, but construction of the NWPL connector, stations and gas mains should
finish in less than 6 months.
4.8.2 Fugitive Dust Control Plan (FDCP)
The FDCP addresses how dust will be kept to a minimum at the project site. Control
measures listed in the plan should be specific to the land development site. A permit, if
required, will specify the type of dust control measures that were included on the FDCP.
A separate FDCP specific to the site can be submitted in addition to the APEN but if not,
the fugitive dust control measures listed on the APEN will be used on the air permit. Even
if a permit is not required, fugitive dust control measures in the FDCP must be followed
at the site.
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4.9 Moffat County, Colorado
Moffat County may require a utility permit. The Moffat County issues utility permits for
both private and public entities that wish to construct their facilities in a county road rightof-way. Most licensing agreements involve crossings or small, parallel encroachments
within the right-of-way. Specifically, this will be for a directional bore (30 ft) and line
encroachment (175 ft) along County Road 161 on the NE corner of town. This permit is
$100 plus $0.25 per foot.
Moffat County also requires a bond of $5000 for any facilities built within the county right
of way. Any line over 2-inch or 100 psig requires a casing under the road with a minimum
depth of 48” for any gas line. A casing will not be required for this project since the pipe
will be 2-inch PE and under the 100 psig threshold.
After two years the bond would be returned if no problems have occurred with the
installation and operation of the pipeline at the site.
4.10 Rio Blanco County, Colorado
The proposed connector to NWPL in any of the 3 alternatives just barely nicks the corner
of Rio Blanco County for about 1500 ft. The pipeline follows a 2-track BLM trail through
this corner.
Rio Blanco County may require a Special Use Building Permit (SUBP) for any operations
that construction that takes place in the county. This is a onetime $700 payment that
helps cover the cost of any potential damage to county roads used in the transportation
of heavy equipment, pipe, and other materials necessary to complete the job.
Utah. The proposed best alternative connection to the NWPL block valve would have a
small meter station and about 1.5 miles of 3-inch PE pipe. In that case, these Utah
agencies would be involved:
4.11 Utah Public Service Commission (UPUC)
Like the Colorado PUC, the Utah PUC administers gas utility service and compliance with
gas pipeline safety regulations under contract with US DOT PHMSA.
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The Dinosaur municipal gas system would not serve customers in Utah so would not
require a CPCN to serve gas customers. The utility will be subject to the UPUC jurisdiction
for compliance with pipeline safety rules at 49CFR Part 192, mostly for regulator station
annual checks and periodic leak survey.
4.12 Utah Department of Environmental Quality (UDEQ)
UDEQ requires large construction projects to file a Notice of Intent (NOI) for a Stormwater
General Construction Permit. UDEQ also has requirements for oil & gas related projects
to report for the Centralized Air Emissions Reporting System (CAERS). Certain stipulations
apply to these programs that this project may have to comply with. The minimal
construction in Utah may not trigger these regulations.
4.12.1 Stormwater Construction General Permit Notice of Intent (NOI)
This regulation applies for projects disturbing 1 or more acres of land, or that are less than
1 acre but part of a common plan of development or sale that will ultimately disturb 1 or
more acres.
The objective of the Permit for Construction Activities is to limit pollutants coming off a
construction site so that the pollutants do not end up in a water body. Precipitation or
storm events will mobilize pollutants at a construction site and carry the pollutants to a
water body. The goal of the permit is to take steps to prevent pollutants from leaving the
construction site and entering water bodies. Soil particulates are considered pollutants
because, although soil particles naturally erode, construction activity exacerbates this
process substantially. With soil erosion nutrients which are normally bound up in soil, are
released. It is good and natural for nutrients to be in soil for plant growth, but if released
to water bodies it causes degradation.
A Notice of Intent will need to be filed and a small fee paid to find out if this permit is
required for this project. It may not be required since this project will not cross any
defined streams or water bodies.
4.13 Uintah County, Utah
No permits should be required by Uintah County, since no county roads are involved.
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5.0

EASEMENTS

5.1 General Information
Potential permanent and temporary easements were identified and evaluated for each
alignment alternative for the supply pipeline. Based on a search of the surface owners
throughout the project area, easements may be required from private, state, federal, and
county entities, dependent on which alignment is chosen. Most of the distribution
network will be built within town streets and state and federal roads, but there are a few
segments where easements may be required. Each of these entities poses unique
easement acquisition procedures, costs, and timelines.
5.1.1 County Road Right-of-Way Easement Acquisition
This project only crosses a county road in one location at CR 161 in Moffat County on the
northeast corner of town. The Town of Dinosaur likely has an existing right of way
easement for the existing water line in the road. A new utility permit and bond may be
applied for if it is deemed a new and different utility. See Section 4.8 for more on Moffat
County requirements.
5.1.2 Private Lands Right-of-Way Easement Acquisition
The NWPL supply pipeline proposed along the south side of town would cross two parcels
of private land. If an easement cannot be obtained here, the line would have to be rerouted to the south through land owned by the BLM and Town of Dinosaur. This would
make the supply pipeline slightly longer, thus adding cost.
Most of the distribution mains will be in town streets and alleys, state highway and federal
BLM or NPS land. However, a section north of Hwy 40 will need permission from the
private landowners in the vicinity. Most of this section lies on land owned by various
private landowners. If RoW easements cannot be obtained from these landowners, then
the route can go along the north side of Hwy 40 in CDOT RoW.
These larger landowners’ agreements may be resolved with the availability of gas service.
Under FERC rules that govern most gas utilities, the portion of the service line across the
customer’s property technically belongs to the customer, while the gas meter assembly
belongs to the utility. For this reason, a private easement is not usually required for a
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service line across private property. This easement permission is implied when a
landowner wants to add gas service and become a customer of the utility.
5.1.3 State Lands Right-of-Way Easement Acquisition
The section east from town along US Hwy 40 to the National Park Service complex, as well
as the section along Hwy State Hwy 64 in town will need permission from Colorado
Department of Transportation (CDOT). Crossings will require directional bores under the
highway of Hwy 64 (Stegosaurus Fwy) at 2 places in town, and across US 40 just north of
the County Welcome Center, and at Allosaurus Lane.
All land within the state highway RoW is CDOT property and no easements are usually
granted. A Utility Permit would be required, and all construction and reclamation
requirements specified by CDOT must be met. More details on the permit can be found
in Section 4.6.
5.1.4 Federal Lands Right-of-Way Easement Acquisition
A BLM easement is obtained through a pipeline right-of-way grant application (SF-299)
which is required to cross federal lands administered by the US BLM. The supply pipeline
southwest of town is almost entirely on BLM land in Utah and Colorado. See Section 4.1
for more details on the BLM application process. The section on the east end of this
project along US Hwy 40 and Harpers Corner Road that supplies the NPS facilities would
have a similar application and review process. A separate RoW easement application
through NPS may be required, although for past projects by PNG, the processes for BLM
and NPS were combined into a single permit administered by BLM.
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6.0

OPERATION AND MAINTENANCE REQUIREMENTS

The gas utility system will be relatively simple, with a delivery station at NWPL, a meter &
regulators at the town border station, and all-new PE piping system throughout the
community. The operating and maintenance or O&M tasks required for day-to-day
operation are mostly simple tasks like monitoring the pressure in the morning and
watching for any potential trouble such as nearby excavation.
6.1 Gas Pipeline Safety
Although the O&M workload is relatively low, the utility must respond immediately to any
leak, suspected or actual, and extend lines and set meters at customer request. Nearly
all the routine tasks are subject to federal gas pipeline safety regulations at 49CFR Part
192 et seq, which are administered by the Colorado Public Utilities Commission or PUC.
Under the Operator Qualifications or OQ rules in Subpart N at §192.801, most gas utility
tasks must be done directly by, or under the close supervision of, a person who is qualified
for each Covered Task.
The Town of Dinosaur employs a part-time Operator for its water and wastewater
systems. That operator is licensed in Colorado to operate these systems. The Town has
a full-time maintenance worker who can work on water systems, but only under the
supervision of the licensed operator.
Operating a gas utility would be very similar. Some tasks such as meter reading and
checking pressures could be done by any responsible person. The Town office staff can
prepare the bills, handle the money, and prepare most reports to PUC and others. Town
Hall can receive, log, and respond to all gas utility-related calls from customers. But work
on gas lines or regulators or leak calls must be done by an OQ’ed operator. In addition to
daily work, there are very specific records to keep and periodic reports to make, some of
which are subject to OQ rules.
As this study progressed, the technical Operator of the utility was identified as one of the
most critical parameters. The Town utility would require a fully OQ-ed operator; and a
backup operator for times when the principal operator is unavailable or out of town. The
backup also must be fully-OQ’ed, to respond to leak calls and emergencies and make
repairs without supervision.
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These are not full-time workload positions by any means but would be very difficult to
cover with part-time workers due to the OQ rules, on which the CPUC is very strict.
6.2 Contract Field Services
The Town of Rangely has operated its municipal gas utility since 1979. It serves about
1200 gas customers and has 4 gas operators fully qualified under OQ rules. Rangely Gas
was contacted about providing O&M services to the Dinosaur utility on a part-time,
contract basis (Exhibit 2).
O&M tasks have generally been separated into the categories of field services and
administrative services.
The following is a list of O&M field services that Rangely could provide, subject to
execution of an O&M agreement between the towns:
• Operate the distribution system and all related facilities.
• Read meters monthly (See Section 8.1.6 on Itrons); this will provide raw data for
input into the Dinosaur Caselle billing system.
• Set, change, and remove meters based on service orders logged by the utility.
• Exchange meters for testing according to the testing schedule.
• Conduct pressure checks in winter months (October through April) to ensure
adequate service.
• Troubleshoot pressure problem areas and make recommendations for corrective
actions.
• Operate the utility odorizer, check odorization levels periodically.
• Conduct leak surveys in accordance with the DOT requirements.
• Conduct leak investigations for all leaks called in by customers.
• Repair underground leaks.
• Repair above-ground leaks.
• Perform annual and quarterly pipeline patrols.
• Perform annual inspections on critical valves.
• Perform annual regulator station inspections.
• Qualify Dinosaur personnel to do OQ tasks as able.
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6.3 Contract Administrative Services
The following is a list of O&M administrative services that Rangely could provide:
• Assist Dinosaur in ordering parts and supplies.
• Update Automated Meter Reading (AMR) system records for billing.
• Perform meter reading services each month, including updating and uploading the
AMR information into the AMR reader, reading the meters both AMR and manual
reads, and providing raw data for input into Dinosaur’s billing system.
• Gas system operations would follow the Dinosaur Natural Gas Rules and
Regulations as filed with the CPUC, if applicable.
• Provide engineering and support for minor projects such as service line and repair
work.
• Maintain DOT records, prepare and submit all operation-related reports required
by regulatory agencies.
The above Field and Administrative services will be conducted in accordance with industry
standards. Many of these are subject to requirements of the US DOT PHMSA and
regulations at 49CFR Parts 191-192, as administered by the PUC pipeline safety section.
As the Dinosaur utility matures, some of these tasks could be done more easily by Town
of Dinosaur employees, such as pressure and reg station checks, and preliminary checks
on reported leaks. The two entities should adjust the task list and charges as these duties
change.
6.4 Other O&M Tasks
The following items fall outside of the normal scope of routine operation and
maintenance. Depending upon the type of work, these items could be handled by
Dinosaur, or by Rangely as a separate contract item, or third parties.
• Install extensions or laterals off the distribution pipeline.
• Install service lines.
• Install or remove underground valves.
• Major repairs caused by fire, flood, explosion, land movement, vehicular damage,
and similar occurrences which may cause a safety-related condition.
• Major extensions, replacements, or improvements.
• Facility relocations required by jurisdictional agencies.
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• Excavator operation which exceeds the practical capability of available equipment,
or in environmentally sensitive areas.
• Meter testing and refurbishing.
• Engineering, design, and supervision projects.
• Certified welding on steel pipe containing natural gas.
• Environmental disposal and remediation activities.
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7.0

PIPELINE ROUTE ALTERNATIVE ANALYSIS

7.1 Introduction
In the Western states, especially those places at higher latitudes and altitudes, natural
gas is the premier fuel used for heating structures. The 2018 US Census estimates showed
that Utility (natural) Gas was used in 69% of all homes in Colorado, and 82% in Utah.
Compared with the rest of the West, Dinosaur has already employed all alternatives to
natural gas, for decades. Most of those 47% using propane and 32% with solid fuels and
21% on electric heat would likely prefer to have natural gas, if available. As discussed
later herein, there appears to be no better, practical alternative to natural gas heating,
either currently available or even remotely over the horizon.
For most natural gas users, especially for a very small and remote community, the only
feasible source of supply of natural gas is a direct connection to a gas transmission or
gathering pipeline. Gas is also available with trucked-in supply of Compressed Natural
Gas (CNG) or Liquefied Natural Gas (LNG). These alternatives were eliminated without
evaluation, due to known limiting factors we have encountered on other similar projects.
LNG and CNG are technically very complex, Dinosaur is far from any existing supply and
there is prohibitive cost of developing a new one; and the cost of trucking adds greatly to
the gas cost, vs a simple, one-time nearby pipeline connection.
The following three route alternatives were evaluated for the gas supply pipeline from
NWPL, taking into account cost, time, and design/permitting considerations. Each
alignment was traversed from start to finish, identifying visible topographic, potential
wetland, and existing infrastructure constraints. Alignment alternatives were compared
based on length, estimated cost, capacity, environmental considerations, and source of
gas.
7.2 Woods Government Tap
N40.177° W109.037°
7.2.1 Description
NWPL refers to a “Woods Government tap” near MP 295 on the mainline, in Colorado
about 4600 ft southeast from the state line. NWPL has a 2-inch side valve connection to
the 26-inch mainline that could be re-activated. This is the location of an old tie-in from
a gas well. From this NWPL valve runs a visible ground scar for a pipeline headed
northeast about 8000 ft to an old well pad for a plugged & abandoned well.
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7.2.2 Design and Permitting Considerations
This NWPL connection is the nearest to town, if the old well pipeline could somehow be
used. From Colorado Oil & Gas Commission records, this well in Section 36 is named the
Karis Government (OWP) #1.
This well has not been active since at least 1995. From the COGC drilling date and other
parameters, we can surmise it was steel pipeline laid in the early 1970s and was not likely
protected from corrosion. DOT pipeline safety regulations were new then and probably
not required. These unknowns would prevent its direct use, but a 4-inch or larger steel
line might be used as a conduit for a new PE line. The insertion process would require
less digging but would likely cost more than simply direct plowing a new gas line.
This route is also quite harder to connect to Dinosaur, through a series of winding existing
2-track trails, mostly BLM land then two different private parcels of ranch land. There is
a 0.8-mile segment of undisturbed BLM land through which permitting might be delayed
for added scrutiny. This route winds around the head of a little canyon and has several
challenging rock shelves that would be difficult to plow through. Total distance is aprx
27,600 ft on the more direct cross-county route; or 33,500 ft northwest along NWPL then
up the state line as described in Section 7.3.2.
7.3 State Line crossing
N40.184° W109.050°
7.3.1 Description
NWPL crosses from Colorado into Utah near MP 296 on the mainline. The NWPL corridor
was established first, then a natural gas liquids or NGL line was built parallel most of the
way from NM to WY; then a CO2 line from SW Wyoming to Rangely for oilfield flooding
and tertiary oil recovery. This location is about the same distance from town as Woods
Govt tap, as the crow flies.
7.3.2 Design and Permitting Considerations
The NWPL connection at the state line is quite simpler than the Woods Govt route, with
an obvious route along an existing 2-track trail north up the fence on the state line, then
several diagonal connecting trails to the Blue Mountain Village road into the southwest
corner of Dinosaur. This route is entirely on BLM land, and permitting along existing trails
would be fairly routine. Total distance is aprx 28,800 ft.
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At the state line is an odd two-skid, pipe & valve
header on the south edge of the pipeline
corridor. One pipe leg goes underground and
seems to point toward NWPL. Although cut off,
the other leg lines up with a top-of-ground black
PE line that runs in Utah about 10 miles south
toward Bonanza, ending at the large water tank
that was associated with the old Gilsonite slurry
line over Baxter Pass to Grand Junction. The
pipe coating and valve styles seem to be from
the 1980s.

Figure 7.3.2: Stateline and Woods Gov. Route

This is not a header or a PE line that would be
used for either CO2 or NGLs, and there are no
other pipelines out there. There certainly is not
an obvious source (or use) for water and the
Bonanza tank. This pipe skid and PE pipeline
had to be used for natural gas. In 2015 notes,
NWPL once mentioned a “Canyon Pipeline” that
may have emanated or terminated at the
Woods Govt tap.

Yet NWPL says they have no record that there is now, or ever was, a valve or connection
into NWPL mainline at the state line. NWPL in the past gave an estimate to “hot tap” the
mainline for $50,000, or even $20,000 using their own equipment and crews, but these
figures are now likely quite higher.
The Utah side of the fence seems the more suitable location for a meter station, with
noticeably cleared sagebrush and more previous disturbance. There is a corrosion
protection rectifier for NWPL nearby with commercial REA power, that could be used for
telemetry of flow conditions and alarms.
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However, there is a subtle but very significant difference in locating a delivery station in
Utah vs Colorado: the Utah station would cause gas to move across a state line (although
maybe only 100 ft) and would be considered an Interstate pipeline and subject to FERC
jurisdiction. See Sec 4.1 for further discussion.
This same state line route could be used to connect to the Woods Government Tap. The
Woods Govt would be a longer route, but easier to construct to an established tap than
the other overland Well route discussed in Section 7.2.2.
7.4 Mainline block valve 4-1
N40.208° W109.075°
7.4.1 Description
NWPL has a mainline block valve designated “4-1” about 2.1 mi northwest of the state
line in Utah. These mainline valves are not very common, with DOT pipeline safety
regulations allowing up to 20 miles between valves in sparsely populated areas. This valve
station is about 300 ft northwest from MP 298 marker.

Figure 7.4.1: Mainline BV 4-1 Route
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7.4.2 Design and Permitting Considerations
The mainline valve assembly has a 26-inch through-conduit gate valve and a 6-inch
blowdown valves and risers on both sides of the valves; with 2-inch side valves on both
risers. There is also a 2-inch valve in a valve box about 60 ft northwest of the main valve,
which once provided fuel for a generator. This facility with three possible supply valves
would enable a very simple connection to NWPL.
This is the shortest alternative route from Dinosaur, along existing 2-tracks from the
starting “181920 Road” shown on Google Earth to connect to Blue Mountain Village road
into Dinosaur. This route nicks the corner of Rio Blanco County for 1500 ft and is entirely
on BLM land. Total distance is aprx 23,000 ft so is more than a mile shorter than the State
Line route. This route would also require a FERC exemption. See Sec 4.1 for further
discussion.
7.5 Comparative Analysis of Alternatives
Technical feasibility, potential environmental impacts, and financial cost were all
considered in comparing the alignment alternatives. The Woods Govt direct route was
ruled out for buildability. The comparative analysis for the others weighed the extra cost
of 1.1 miles of pipe to the State Line site, vs the cost of a FERC exemption at the Block
Valve site. See Sec 9.1 for cost data.
7.6 Recommended Alternative
The NWPL Block Valve site is favored over the other alternatives in every category except
the Regulatory step of a FERC exemption. The added cost and risk of the FERC application
seem to be quite less than the longer pipeline alternatives.
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8.0

DESIGN ELEMENTS

Design Criteria for this project are fairly routine for a gas utility: the proposed Dinosaur
gas utility will receive and transport gas from Northwest Pipeline; will present a gas main
to nearly every address in Dinosaur and its environs; and will run a service line to the
building wall of every structure that requests gas service.
8.1 Preliminary Design Information
The utility system will include a connection and meter to NWPL and supply pipeline to the
edge of Dinosaur; two regulator stations to control the gas pressure; and gas distribution
mains and service lines and meters. The specific Design Elements are summarized here.
One of the main purposes of this PER study is to identify the potential customers and gas
load of a gas utility serving Dinosaur.
Our company PNG has extensive experience and decades of data on customers of smalltown utility systems in high altitude, remote places. Using that knowledge on the
prospective Dinosaur system, we have come to the following terms and assumptions:
Decatherm or DTh is a term not widely used outside gas production and transmission. An
“MCF” or 1000 cubic feet of gas is more common. But because a gas utility must buy BTUs
from its pipeline, it should sell BTUs to customers. The BTU content of gas varies widely,
but for a transmission pipeline is usually around 1000 BTU per standard cubic foot. In
natural gas commerce, a Decatherm is the volume of natural gas required to produce 1
million BTU (MMBTU) of heat, before any losses. This is roughly, but not exactly, 1 MCF.
The term Decatherm means 10 Therms. This was an arcane term developed by gas utilities
because gas meters read in “CCF” or hundred cubic feet. On the meter index, 1 CCF is
roughly 100,000 BTU of energy, which is the definition of a Therm. But at higher altitudes
like Dinosaur at 5900 ft, a pressure correction applies. [Note: this would be so much easier
in kilowatt-hours, where 1 DTh = 293 kWHr.]
Customer profile. Dinosaur will offer service to about 150 homes and 30 commercials in
the Town and outskirts and NPS complex to the east. The 10 largest commercials and 15
of the smaller ones use propane and are assumed to readily convert. Of the 150 potential
residential customers, 47% use propane and now and can easily convert to natural gas.
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Some of those with wood or electric heat will convert for significant savings in workload
and cost. Based on a similar startup project in Wyoming, an overall conversion rate of 7075 percent is feasible. In the first 2 years of operation, 100 (or 2/3rd) of residentials are
expected to convert. This customer count is used to estimate gas loads and the fixed
monthly service charges.
Annual gas load is mostly used for economic feasibility modeling. The margin charged on
a volumetric basis (what customers actually used) is most of the revenue of a gas utility.
Each home is expected to use 70-75 DTh per year, and the commercials average 120 DTh
per year. The total expected load is 10-15,000 DTh per year of sales volume.
Monthly gas load is used for financial budgeting of expenses vs revenues. Operating
expenses are fairly uniform throughout each month of the year. But gas utility revenues
are totally hostage to outside temperature. The Dinosaur gas utility would sell 30-33% of
the entire year’s gas in December and January. But these revenues must be conserved
for July and August expenses, when gas sales are 2% of annual. The gas volumes in four
summer months June to September barely raise enough to cover a month’s fixed costs.
Daily gas load, particularly MDQ or Maximum Daily Quantity, is critical to the Demand
charge to be negotiated with NWPL; further discussion in Section 9.2.3. Based on the
customer mix and expected volume, MDQ is estimated at 130 DTh per day.
Hourly gas load, specifically MHQ or Maximum Hourly Quantity, is the basis for sizing and
designing all meters, regulators, and pipelines. MHQ is usually about 1/18th of MDQ, not
1/24th, to account for the typical daily peaks at 7-8am as heaters fire up, folks shower and
prepare for their day. Based on this, MHQ will be 7 DTh per hour. This energy value is
converted back to about 7 MCF of volume for gas equipment sizing.
All sizing calculations were increased to 10 MCF, to ensure that any component of the
system can easily handle its share of maximum hourly volume. This +43% over-design
factor is actually 2-3 higher, because the system can operate well above 20 psi from the
TBS (see Section 8.1.4).
Pipe spec. All mains and services will be built of polyethylene or PE pipe, which can be
fused & installed by utility workers with modest special training. All pipe will be Medium
38

Density Polyethylene or MDPE certified to ASTM-2513 for gas utility service. The system
design pressures are 20-100 psi, which is within the typical pressure range for PE pipe.
We have specified a Standard Dimension Ratio (of OD to wall thickness) of SDR-11 that is
most widely used by gas utilities.
DOT pipeline safety compliance will be simplified for this new, simple system.
8.1.1 NWPL delivery station
The recommended alternative for the natural gas delivery point and supply pipeline is the
Block Valve connection to NWPL as discussed in Section 7.6.
NWPL will install a meter to deliver gas to Dinosaur (Exhibit 3 pg. 1). As described in their
proposal, NWPL will install a 2-inch Coriolis effect meter with electronic flow
measurement or EFM to continuously measure gas flow. This meter will be connected to
the Williams NWPL control room via radio link.
Dinosaur will receive gas at the full NWPL mainline pressure that averages 450 psi but can
range up to 809 psi Maximum Allowable Operating Pressure or MAOP for that section.
The Dinosaur supply pipeline will have 100 psi MAOP, so Dinosaur will build a simple
regulator station to reduce the pressure into the plastic system. This station will have a
1-inch regulator and a second monitor regulator to comply with DOT regulations. This is
a simple, foolproof setup that could go months without checking. There are no other
controls or remote monitor required at this location.
This meter & reg station will be built on a small parcel of land and fenced at least 10x20
ft for security. This parcel must be separate from the existing fenced-off NWPL mainline
valve station. The NWPL proposal requires a 100 x 100 ft minimum parcel, most of which
will not be fenced, and will be included in the BLM permit process.
8.1.2 Supply pipeline
From the NWPL delivery and regulator station a 3-inch MDPE pipe would be installed by
plowing or trenching in BLM right-of-way trails and within or adjacent existing BLM trails
(See Section 7.0 on PL Routes). This pipeline segment will be built and tested to allow a
MAOP of 100 psi, which is the maximum practical limit for plastic pipe.
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The supply line from NWPL is not considered a transmission pipeline subject to the
additional transmission regulations in DOT Part 192.
8.1.3 Town Border Station
The supply pipeline from NWPL terminates at a Town Border Station or TBS. At the TBS
the pipeline pressure is reduced from the 100 psi supply pressure to 20 psi for the
distribution system.
The TBS will have a simple 1-inch regulator-monitor station nearly identical to the NWPL
reg station, with different setpoints (Exhibit 3 pg. 2). This two-pressure setup is for the
ultimate design load, with a large design factor. For the first several years of startup
operation, this regulator may not be needed, as the entire supply line and distribution
system could operate at 30-40 psi from the NWPL regulator.
The TBS will also include a meter, such as a Roots 5M175. An EFM flow computer tied to
the meter will have a cellular phone modem, and flow & pressure parameters can be
uploaded continuously to a database that can be accessed by any authorized user. The
hourly-daily-monthly flows & pressures are invaluable as long-term records for many
different purposes.
The EFM computer will also be used to drive a simple gas Odorizer. As required by DOT
Part 192, all gas flowing through distribution lines and into customer piping must be
odorized. Any leak must be detected by a person with normal sense of smell, at a gas
concentration less than 20% of the LFL or Lower Flammable Limit (or about 1% gas).
We associate the smell of gas with sulfur or “rotten eggs” (which few people now have
actually smelled). Natural gas is mostly methane CH4 and has no odor. Most gas through
transmission pipelines like NWPL has been processed repeatedly, which removes the
contaminants in produced gas that have an odor. To ensure that most people can smell
a gas leak, an odorant such as methyl-ethyl sulfide or “mercaptan” is introduced at a few
parts per million.
The odorizer for Dinosaur is like similar small systems in Pinedale and Walden. A Kingtool
odorizer is a simple 8-inch pipe bottle, buried vertically with 2 gallons of odorant. A
solenoid valve sends puffs of gas through the top space of the bottle then into the town
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system. The pulses come at intervals proportional to flow rate, as signaled by the meter
EFM computer. This system is fairly foolproof and externally odor-free, but needs
periodic checking and is best located at the TBS.
The TBS will have simple alarms and an auto dialer, to give warning of any anomaly in the
pressure of the supply line or distribution system. The gas regulator and meter stations
at NWPL and at the edge of town are completely autonomous and require minimal
maintenance or monitoring.
The TBS station will be built preferably on Town property, on a parcel at least 50x50 ft
and fenced for security.
8.1.4 Distribution System
From the TBS, the distribution system mains run along public right of ways in most alleys
and streets of Dinosaur. Plan sheets for this alignment are provided as Figure 8.1.4. A
construction cost estimate for the proposed project is found in Section 9.1.

Figure 8.1.4: Dinosaur Distribution System Map
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The distribution system will be built to MAOP 60 psi, which is the maximum pressure
allowed for a single regulator at each customer service point. The system can be operated
at a much lower delivery pressure of 20 psi, which is adequate for the foreseeable future
and reduces exposure to damage if a line is accidentally hit.
From the TBS a 3-inch SDR-11 MDPE pipe extends to US 40 and east to the edge of town.
This main serves as a backbone for the 2-inch SDR-11 MDPE lateral mains down most
alleys and streets of Dinosaur. The larger 3-inch backbone main would maintain adequate
pressure and supply for all foreseeable future users at all points in the Town.
From the eastern town limits, a 2-inch main would be installed by plowing or trenching
along US 40 to serve several rural homes and the Dinosaur National Monument facility
and employee housing.
As system load matures, or if a large demand develops, the system pressure can be
increased as needed above 20 psi and up to 60 psi. Further, 2-inch lines can be latticed
together (in the future) with other mains to provide looping. These steps would help
ensure that each section of main is supplied with sufficient pressure to provide each
customer with adequate peak-hour capacity.
8.1.5 Services
As the gas mains are installed and customers sign up for gas service, the new utility will
also build gas service lines and meter sets to each new customer.
The standard service line (Exhibit 4)will be 1-inch MDPE pipe, extending from a tap tee on
the main, to a riser at the building wall or other spot designated by the customer. The
tap tee has an excess flow valve or EFV, to stop the flow of gas after a catastrophic failure,
such as damage from a posthole digger, or a fire that damages the meter.
Under FERC rules, the pipe buried on the customer’s property technically belongs to the
customer. All above-grade facilities remain with the utility, which could be retrieved if
the customer stops gas service. The customer essentially owns the buried pipe, which
would not be retrievable.
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8.1.6 Meters
All meter sets will be standardized and built with prefabricated meter bars and
components for uniform function and appearance (Exhibit 4).
Meter sizing for nearly all customers will be the familiar diaphragm style meter, either
American or Sensus, in 3 standard sizes 250-400-630 (cubic feet per hour rating).
The school-community hall and NPS shop (if converted) might be large enough loads for
a 2-inch PE service line and a Roots 3M-5M rotary meter.
The cost estimate for each customer service includes a $60 radio AMR transmitter for
Automated Meter Reading. The Town has Neptune AMR endpoints and a radio-based
data collector to read its water meters. But Neptune does not make AMR endpoints for
any style of gas meter.
The most widely used gas AMR system is made by Itron, with about 50 million gas meter
endpoints in service. If Rangely is contracted to provide O&M services to Dinosaur, they
could read the Dinosaur gas meters using their Itron equipment and provide the meter
data file for the Town’s billing system.
8.1.7 Billing System
Town of Dinosaur runs its water billing on Caselle software, based in Provo, Utah and
saturated among towns and counties in the region. PNG has used Caselle for gas billing
since 2013. PNG helped Caselle to develop their program for billing Therms or BTU value,
instead of Cubic Feet as measured by the meter and as billed by many small gas utilities.
The NWPL delivery is in BTUs, so the Town should bill its customers in BTUs. The gas
utility would add a Gas module to its existing Caselle platform.
8.1.8 GIS Database
Mapping for the proposed gas utility system is overlaid on the new GIS system as
developed for this study. The existing water and sewer systems, streets and structures in
Dinosaur were entered into an ArcGIS database as a significant part of this PER.
The study included updating the Town’s maps of water & sewer systems, as part of the
process of laying out a natural gas grid to serve the Town. The Town had a collection of
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maps from various water projects in 1981-1984-2003, but not all on the same base map,
and all on paper sheets with no subsequent updates nor access to a digital version.
All previous maps were consolidated into a single geo-referenced database in ArcGIS. This
is a massive online database to keep geo-referenced data, like a pipeline or valve or
manhole that have been located “in 3D space” using GPS coordinates. Other attributes
include tables describing size-length-material-age, or pictures / video, written notes,
purchase, or construction invoices etc. These attributes are tagged to a specific pipeline
segment or feature or address. These attributes can be pulled up by tapping on a tag on
the map.
The Dinosaur water and sewer pipelines are now depicted in GIS, along with key surface
features like water valves and sewer manholes. We spent several days onsite with a
precision GPS instrument to verify as accurately as possible the geo-referenced GPS
positions of these surface features. We have identified many such features that are on
the maps but not easily located on the surface, due to silting, paving over and possibly
old mapping errors. Many of these features have photographs and other documents
available with a tap on a nearby icon.
All these lines and features and attributes can be overlaid on any number of base maps,
such as simple maps (like a Rand McNally road map) or USGS topographic maps or satellite
photos (like Google Earth). Each different type of attribute (gas line, water valve, meter,
propane tank, building footprint outline, ownership etc.) is on a “layer” of data that can
be turned on or off, to best depict the intended use of the map. The database includes
the Ownership layer of GIS data from Moffat, Rio Blanco and Uintah Counties, that shows
property lines and current ownership and property data.
Though we did our best to accurately map and geo-reference the Town’s water system,
there were many isolation valves, manholes, and other facilities that were un-locatable
in the time allocated. This was due to inaccurate old information or more likely buried or
paved over facilities. It is recommended that the Town conduct a more in-depth valve
survey possibly with a hydro-vac truck or machinery to locate these missing facilities. This
would make isolation and general operations of the water and sewer systems more
efficient and effective. The GIS mapping has laid out which facilities were previously
mapped but un-locatable. This should make for a good starting point for such a project.
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The water & sewer system maps are more accurate than ever, which makes easier the
layout of a gas utility. The new GIS maps include the proposed gas line from NWPL, the
gas utility grid for the entire Town, and a gas main to the National Park Service complex
to the east. The utility lines are enhanced with dozens of photos and other attributes
saved to the online database.
The best feature is that the ArcGIS database mapping is available in real time, with an
annual subscription for about $500 through ESRI. All data are kept online. Using a free
Collector application available to any smartphone or tablet, the Dinosaur maps are
instantly available for viewing or printing.
Every data point can be easily accessed by any authorized user, and updated onsite, online
in real time. Any inaccuracies can be corrected as found and an accurate record of facility
locations can be kept at hand, at all times, for all Town users.
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9.0

RECOMMENDATIONS AND IMPLEMENTATION

9.1 Financial Analysis
We have developed a financial model to determine the feasibility and sustainability of the
project. The various financial reports for O&M Expenses, Profit & Loss etc. are shown in
Exhibits 5, 6, and 7. These are based on the actual forms used by Colorado municipal
utilities to annually report their financial status to the CPUC.
The following sections discuss the assumptions made and techniques used in preparing
the financial analysis.
9.1.1 Capital Costs
Detailed cost estimates were prepared for each alignment alternative. Table 9.1.1 depicts
the cost estimate for the preferred alignment alternative. Approximately 75% of the total
capital expenditure would occur during the first year of construction. Most of the
remaining capital, except the amount held in the reserve fund, would be spent in year 2
of construction. The total estimated capital cost $1.27 million.

Table 9.1.1: System Cost of Preferred Route Alternative
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Multiple sources were utilized in preparation of the cost estimates. Current and historical
cost information was obtained from Pinedale Natural Gas, local contractors, and various
pipe and supply companies.
9.1.2 Operating Costs
Rangely Gas provided a cost estimate of $32,000 annually for the O&M tasks that Rangely
could perform (Exhibit 5). The remaining billing, administration and operational duties by
Dinosaur personnel are estimated to cost about $27,000 annually. The total annual O&M
cost estimate is $59,000.
9.1.3 Assumptions
The analysis assumes the average annual residential demand is 70-75 DTh. This is an
estimate based on local propane use data (which is fairly limited), and historical data from
similar housing types and climate conditions in Walden. This typical residence or small
commercial structure would now use 700-800 gallons of propane annually.
The commercial load is trickier. Most small towns have more public buildings than
Dinosaur, like schools and courthouses that are larger and use more energy. A typical
community would have a mix of commercial buildings that average 250 DTh per year, or
about 2700 gallons of propane. There are only a few identified structures in Dinosaur
that use that much, and the current average is closer to 120 DTh. The planned Community
Center and NPS shop would use about 500 DTh each.
Conversion rates are another critical assumption. The first 2 years are the most sensitive
time in the project’s development. The utility must offer natural gas at a rate that is
substantially lower than the existing propane-electricity-wood heat, to encourage early
conversions and quickly start to cover the operating expenses. The model assumes that
Town Hall, the library, fire department and county buildings, and most businesses will all
be converted as soon as practical, such that those loads (and revenues) are placed on the
system as early as possible. See Figure: 9.1.7.
The average cost associated with a service line is just under $800. Exhibit 8 shows a
detailed cost breakdown for a standard residential or small commercial connection. This
estimate is for a typical 65-foot service line from the main pipeline to the residence,
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including all meter components. For a longer line, all the materials and costs are the same
except for the length of pipe and trenching.
We identified 208 potential services, with 195 that range from 10 to 200 feet in length
(average 65 ft). There are 13 longer services at more than 200 ft from the main. There
would be little cost difference for most services from 10-200 ft, with extra cost for the
longer ones. Some of these 208 serve an address that is currently unoccupied, and not
all potential users will convert to gas. The cost estimate accounts for 160 services
realistically achievable in 5 years, including 10 services over 200 ft. See Figure 9.1.1
The cost estimate includes the entire cost of the service lines and the extra footage. In
Pinedale and Walden, the utility typically charges $400-500 of the cost of the standard
service, and all the extra cost. Dinosaur will have to weigh the relative benefit of
collecting some of this capital cost from a potential customer, especially the extra-longer
cost, vs quicker conversions when the consumer’s upfront cost is minimal.
Conversion costs will vary from residence to residence based upon their current heating
setup. Residences that are heated with a propane furnace and already have forced air can
be converted as easily as changing small components in the furnace for a cost as low as
$50. If the propane or electric forced-air furnace is older, it may need to be replaced at a
cost upwards of $4000 (but a likely large jump in efficiency). In residences currently
heated with electric baseboards, a furnace and duct work or boiler and radiators is not
likely feasible.
In most cases, an electric or propane water heater will need to be replaced entirely at a
cost of $500-750. With the ultra-low cost of USDA financing, the new utility could fund a
$400-500 water heater credit for every new conversion. This credit would encourage
quicker conversion to natural gas and create a significant baseload in the summer months.
See Figure 9.1.7 (b)
9.1.4 Fuel Cost Comparison
Over the entire United States, natural gas is used in almost 60 million households, and a
48% market share. This compares with 39% for electric heat. Propane is far less prevalent
at under 5%, as is fuel oil, which is rare outside New England.
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The main reason is economic. In places where available, natural gas has historically had
the lowest retail cost per BTU unit of energy of all common fuels. The difference is
substantial, especially in gas-producing regions like Colorado and Utah, where gas heats
69% and 82% of all homes.
To be successful, a Dinosaur gas utility would need to buy gas at wholesale, pay NWPL
and marketing fees, mark up the cost to cover operating and financing costs; and then
substantially beat the current cost of retail propane or electric heat. As tough as that
sounds, the numbers still favor natural gas.
Propane. PNG has decades of detailed monthly history of wholesale gas and propane
costs, from gas and propane utilities operating in the region. The Rocky Mountain region
produces much more propane than can be used in the warmer months. But propane is
expensive to store in pressurized tanks, and the winter demand is quite higher than
production. The result is wide supply-demand fluctuations in propane prices between
summer and winter, often swinging substantially within a month or even a week.
Natural gas prices also vary with seasons, but not nearly as much as propane. Any
meaningful price comparison must use weighting factors for higher usage in winter during
higher seasonal prices, and low prices and low usage. These comparisons show a clear
price advantage for natural gas at the wholesale level. See Exhibit 9 for Historical Gas Cost
Comparison.
Over the last 20 years, the wholesale cost of natural gas was $3.70 per MMBTU or DTh
(see 8.1 definition), weighted for winter usage. Propane was $1.03 per gallon wholesale,
or about $11.30 per DTh.
Dinosaur has had several propane suppliers, but delivery charges from Vernal, Craig or
Roosevelt are generally $1 per gallon or more ($11 per DTh). A utility can deliver natural
gas at the same margin or less, giving a price advantage of $11.30 less $3.70 or $7.60 per
DTh. This is equivalent to saving 69¢ per gallon, or about 34% reduced heating costs.
Over the past 10 years, this comparison was $2.99 for gas and $12.34 for propane, which
would save 85¢ per gallon, or about 40% reduced cost at retail.
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The past 5 years have seen lower fossil energy prices. The weighted cost comparison was
$2.44 for gas and $8.71 for propane, which would save 57¢ per gallon, or about 32%
reduced cost for most consumers.
Energy markets are historically volatile, but the last decade has presented more
significant swings than usual in energy costs due to worldwide economic forces. The
Great Recession of 2008 (and market manipulation by big energy players) saw crude oil
prices up to $150 per barrel, then down in the $40s, with several bounces. Although
propane is produced mostly from gas wells, the price per BTU more closely follows crude
oil, since propane can be used or produced as part of gasoline refining.
Petroleum prices had slowly settled near the $60 /bbl level last year. Then the CoVid
pandemic unexpectedly crushed demand for oil, with airlines dropping flights to near
zero, and millions working from home and not commuting. Crude oil prices crashed to
$20s then lower, and propane along with it, to prices not seen in 30 years. April propane
bottomed at 40¢ per gallon, where it hardly mattered what other fuels could save. It’s not
apparent that local propane suppliers dropped their prices correspondingly.
The CoVid pandemic and a possible change of politics for the US could spell a long-term
change in fossil energy demand and prices. But at the present, historic price comparisons
give natural gas a very clear edge over propane.
Electricity. Natural gas pricing has historically held even more dominance over electric
heating in most markets. The comparison is not quite as easy as comparing BTU prices,
because of differences in heating equipment. Although electric heat is promoted as
“100% efficient”, most power comes from a heat-to-power conversion from coal or gas
that is only 20% efficient.
Compared with a modern gas furnace with gas at $10 per DTh, a typical electric forcedair or baseboard heater would break even at about 3.8¢ per kilowatt-hour.
Moon Lake Electric serves the Uintah Basin from Dinosaur to Strawberry Reservoir. It was
formed in 1938 as an early adopter of the REA concept that pushed electricity to rural
homes and farms all over the US. The co-op was formed as a member-owned, nonprofit
utility with long-term, low-interest REA financing. Moon Lake was a major recipient of
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hydropower from Flaming Gorge reservoir and other projects, and from the Bonanza coalfired generation plant. It has also benefited from oil-gas-minerals production in the area,
with almost ¾ of its customers in production facilities.
The result is one of the lowest rates per kWhr anywhere in the US. At 5.6 to 6.2¢ per
kWhr for normal users, the Moon Lake rate is quite lower than regional utilities Utah P&L
at 9.9¢ and Xcel Colorado at 11¢. Even so, the current cost of heating with Moon Lake is
about 20% higher than the expected cost of natural gas heat in Dinosaur.
The costs of transition to a reduced-carbon energy future will have profound effects on
all utilities and their customers. Any forecast will be inaccurate, but because of
hydropower, Moon Lake should have an easier transition to reducing carbon, compared
with UPL and Xcel with more fossil-fueled power.
Wood heat. Humans have used wood for cooking & heat for a sizable fraction of a million
years. We now have choices to pay for convenience, and wood heating usually takes a
lot of work. Places with nearby forests and beetle-killed trees seem to be unlimited
sources of fuel, so the cost comparison is quite surprising.
Natural gas should be available at just over $10 per MMBTU at retail through a Dinosaur
Gas utility. This would compare with burning wood at $100 per cord through a highefficiency woodstove. Using a pellet stove, equivalent fuel cost would be $5 per 40 lb.
bag, or (inconceivable for much of the world) burning shelled corn at $7 per bushel.
These cost comparisons do not include the cost of the pickup, chain saw or considerable
effort and time to store the fuel and feed the stove.
9.1.5 Working Capital
Utilities typically try to reserve 60-90 days of O&M expenses and gas costs, in order to
cover expenses that come up between billing cycles. The financial analysis assumes that
Dinosaur would maintain a reserve account of $75,000 to serve as an emergency fund to
cover O&M costs, and in case of any issues that may arise in billing.
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9.1.6 Financing & Debt Repayment
This study assumes that a USDA-RD loan will be the sole source of funding, with no town
funds, contributions from customers, or grants or outside help. USDA currently offers
loans for such projects with 40-year term; interest-only payments for 3 years, then a 37year amortization. The current interest rate is about 2.50% APR, which is the lowest in
years. Due to the CoVid pandemic, the Fed funds rate is near zero and not expected to
rise any time soon. A loan at $1.25 million at 3% APR with 37-year amortization would
cost $4664 per month.
9.1.7 Financial Results
With the stated assumptions and parameters, the Base Case with 125 customers results
in break-even gas rates at $13.31 per DTh (Gas Sales Data Figure 9.1.7). This is a 40%
savings from propane and 20% less than electric heat. A typical 800-gallon propane user
would save about $700 per year.

Figure 9.1.7: Municipal Gas Sales and Rate Projections
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The rates include a monthly charge of $15.00 for all customers, before the cost of gas.
This charge is similar to the cost of owning or renting a propane tank and is lower than
the minimum charges for either power or telephone.
The analysis included Sensitivity of various levels of
conversion and annual gas load, and the resulting rates
required to cover operating expenses.
With a baseload of about 100 homes and most
commercial and public buildings, the gas price is 40% less
than propane. These rates are low enough that most
propane users would convert their appliances to gas.

Figure 9.1.7(a): Sensitivity Base Case

As the utility matures and more people convert, the cost to the customer will decrease,
which in turn is projected to increase the number of conversions and further decrease the
cost to the consumer.
Further, many all-electrics would benefit by switching their water heater, and installing a
wall-mount gas heater (easy installation) to “take the edge off” their winter heating costs.
With resulting rates in this range, the gas utility appears to be very feasible.
9.1.8 Financing Water Heaters
The Base Case depends on 125 conversions, which is nearly entirely from existing propane
users. An optional project could be
the public financing of new water
heaters as an incentive for new
customers.

Figure 9.1.7(b): Sensitivity with Water Heaters

Electric water heaters, and in most
cases propane units, will need to be
replaced entirely at a cost of $500750. With the ultra-low cost of USDA
financing, the new utility could fund a $400-500 water
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heater credit for every new conversion. This credit would encourage quicker conversion
to natural gas and create a significant baseload in the summer months.
Figure 9.1.7(b) shows the modest additional cost of adding $100,000 to the project cost
for 200 water heater credits. If the utility can grow more quickly to 120 or 140 homes,
the resulting rate savings far outweigh the cost of the water heaters.
9.2 NWPL Charges
The NWPL charges are some of the most critical parameters for this project.
9.2.1 Demand Charges
NWPL levies a Demand charge every day of the year. Paid monthly, the demand charge
is like “buying seats on the bus”. It is solely based on the Maximum Daily Quantity or
MDQ of gas that will likely be used on the coldest day of the year, usually around January
1, but is charged year-round.
A gas utility for small users will typically use nearly 1% of its annual load on the peak
winter days, and only 2-3% of its annual load in the whole month of July. It still has to
rent “seats on the bus” in the summer months, when only 1/10th of the seats are needed.
Because the pipeline has already collected a heavy toll with the Demand charge, the
actual Commodity charge is minimal. The total Demand and Commodity charges on
NWPL are expected to be about $1.50 per DTh.
9.2.2 Gas Costs
Although not paid directly to NWPL, the cost of gas must be a component of the final rate
charged to consumers. Gas prices have fallen along with Oil prices due to oversupply and
lowered demand from CoVid. The base wholesale cost of gas in this area is the Rocky
Mountain Index set on NWPL at the interstate gas hub at Opal, Wyoming (near Green
River). This study assumes an Index price of $3.00 per DTh, which is slightly above average
for the last several years. This cost of gas also includes a small fee for the gas marketer
that arranges for gas transportation on NWPL.
9.2.3 NWPL Delivery Station
By far, the most critical component and risk of this project is the cost of the NWPL delivery
station. Williams has made an “Engineering and Design Proposal” in Exhibit 10. For
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Williams, this is a trivial project. The existing Mainline Block Valve 4-1 or a nearby, unused
above-ground appurtenance, already have several existing 2-inch valves that can be
connected to supply Dinosaur.
Their proposed meter is a standard 2-inch MicroMotion Coriolis meter that any utility can
buy for about $10,000. Williams has hundreds of identical installations of the simple
electronic sensors and radio link to their central control facility, which might run another
$10,000. NWPL will not build the regulator station to reduce pressure to Dinosaur, the
utility will do that. The pipe and valves and other parts might possibly stretch another
$10,000. The simple steel piping for the meter run can be assembled by any qualified
welder in an afternoon.
So, given that the Town could reproduce this exact station for far less than $50,000, it is
shocking to see Williams’ estimate of $896,000. They helpfully state that their low range
might be $639k, but their high cost might be $1.3 million. Every line item of the estimate,
Materials at $150k, Engineering at $100k, Construction Contracts at $300k, is entirely
fictional at 5-10-15x the actual, reasonable cost.
In comparison, the rest of the Dinosaur utility – 12 miles of pipe, 160 service lines &
meters, 2 reg stations – will cost about $1 million, with thousands more components and
man-hours.
Because Williams NWPL is regulated by FERC, and FERC staff only scrutinizes projects in
billions of dollars, there is no interest in transactions like this. A typical NWPL connection
might be a large industrial plant in Boise or Seattle that wants to bypass the local utility.
The plant will use millions of cubic feet of gas and save millions of dollars per year in local
charges, so the initial cost of the connection to NWPL is just a fraction of the cost of doing
business.
However, in the case of a foundling Dinosaur gas utility starting with Zero customers, this
Design Proposal will kill it in the crib. Williams has offered to waive the Tax Gross-up, if
Dinosaur will take the negligible risk of taking ownership of the meter and paying for
future upgrades. But even the $639k lowball number, less the $84k gross-up, at $555k
still puts the entire project well out of reach. The project is feasible with a NWPL
connection fee of $200,000 that would give Williams a healthy 75% margin.
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This is irritating but reality. At the same time, the only entity that can make this project
happen, also makes it impossible. This problem is not a Technical issue but a Political one.
If Dinosaur wishes to pursue this project, it will need the lobbying power of Colorado’s US
Senators to work with FERC to negotiate a realistic, fact-based figure from Williams. Not
the least of the arguments should be that NWPL should have done this in 1956.
9.3 Climate Change
The effects of Climate Change are now painfully apparent, are unrefuted by the vast
majority of scientists, and will have a profound effect on the burning of carbon-based
fuels like natural gas. Any new gas proposal must evaluate the potential effects of
legislation and technology changes based on mitigating Climate Change. Because this
topic is wide and deep, refer to our analysis Conquering Carbon; summary in Exhibit 11.

9.4 SUMMARY
The Town of Dinosaur was passed over for natural gas in 1956. Several attempts have
been made to form or entice a new gas utility, and this study explores the project in
greater depth than any previous attempt. The wholesale cost of natural gas vs propane
or electric power, and the financing terms currently offered by USDA-RD, are more
favorable than ever.
The risks are manageable, and the gas utility is viable, as long as:
• Williams NWPL is persuaded to accept a reasonable connection cost;
• The utility makes conversion as easy as possible: no-cost tap, new water heater;
• Town of Rangely can assist Town of Dinosaur in operating the system;
• Town raise awareness, identify prospects, collect deposits, to help the citizens of
Dinosaur to visualize the benefits this project can offer to nearly every household;
• Last, the community can work together to reach the Base Case of 100 homes and
25 commercials as a critical target to reach viability in the first couple of years.
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Attachments:
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Exhibit 1:
USDA RUS Bulletin 1780-2

GENERAL OUTLINE OF A PRELIMINARY ENGINEERING REPORT (PER)
1) PROJECT PLANNING
a) Location
b) Environmental Resources Present
c) Population Trends
d) Community Engagement
2) EXISTING FACILITIES
a) Location Map
b) History
c) Condition of Existing Facilities
d) Financial Status of any Existing Facilities
e) Water/Energy/Waste Audits
3) NEED FOR PROJECT
a) Health, Sanitation, and Security
b) Aging Infrastructure
c) Reasonable Growth
4) ALTERNATIVES CONSIDERED
a) Description
b) Design Criteria
c) Map
d) Environmental Impacts
e) Land Requirements
f) Potential Construction Problems
g) Sustainability Considerations
i) Water and Energy Efficiency
ii) Green Infrastructure
iii) Other
h) Cost Estimates
5) SELECTION OF AN ALTERNATIVE
a) Life Cycle Cost Analysis
b) Non-Monetary Factors
6) PROPOSED PROJECT (RECOMMENDED ALTERNATIVE)
a) Preliminary Project Design
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b) Project Schedule
c) Permit Requirements
d) Sustainability Considerations
i) Water and Energy Efficiency
ii) Green Infrastructure
iii) Other
e) Total Project Cost Estimate (Engineer’s Opinion of Probable Cost)
f) Annual Operating Budget
i) Income
ii) Annual O&M Costs
iii) Debt Repayments
iv) Reserves
7) CONCLUSIONS AND RECOMMENDATIONS
(Bulletin has expanded explanations of each bullet point)
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ʹǣƬ
Steve Shute
From:
Sent:
To:
Cc:
Subject:

Kelli Neiberger <kneiberger@rangelyco.gov>
Wednesday, September 16, 2020 2:42 PM
Steve Shute
Lisa Piering
RE: Dinosaur Gas

Steve,
I have worked out some numbers for you. This is a new and unique situation for us so we are open to any questions or
discussions you may wish to have in regards to the amounts we have come up with. When we factor in benefits, tools
and equipment, this is what we have. We would charge an hourly rate of $50.00 per hour. This would include a gas
utility technician with their utility truck and related tools. So, a daily rate (8hrs. a day at $50.00 per hour) would be
$400.00. For the all-in cost of our average gas person we have come up with $80,000 per year. So, at 40-50% FTE that
would be $32,000 - $40,000.
If you would like I could come up with a price per foot for service installation if the materials were provided. Until you
have a better idea of how long the services would be this may not be very useful to you.
We would be happy to go over to Dinosaur and meet with their Town representatives and be available for a public
meeting if we need to. I just don’t know whether we should do that now or wait until you have submitted your draft
and we have a better idea what the chances are of this project moving forward.
We are still very excited to work with you and assist in any way we can. If you have questions about other tools and
equipment you might need feel free to ask. Let me know if you need anything else.
Thank you,

Kelli Neiberger
Town of Rangely
Gas Department Supervisor
Cell: (970)629-0776
Office: (970)675-8258
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ǆŚŝďŝƚϰ͗Standard Meter and Service Line Drawing
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ǆŚŝďŝƚϳ͗DƵŶŝĐŝƉĂů/ŶĐŽŵĞ^ƚĂƚĞŵĞŶƚ
Annual Report of

Dinosaur Gas

Year Ended December 31, 2021

STATEMENT OF INCOME FOR THE YEAR
LINE
NO.
1

ACCOUNT
OPERATING INCOME

2 Operating revenues (400)
3 Operating expenses:
4
Operation expense (401)
5
Maintenance expense (402)
6
Depreciation expense (403) (Principle Payments)
7 Amortization expense (specify by account)
8
Transfer to general fund
9

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

162,222

162,221

167,846

171,222

174,484

175,496

176,510

106,250

106,250

111,875

115,250

118,513

119,525

120,538

18,728

19,297

19,884

20,489

21,112

21,754

22,416

124,978
37,244

125,547
36,674

131,759
36,087

135,739
35,483

139,625
34,859

141,279
34,217

142,954
33,556

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

37,244

36,674

36,087

35,483

34,859

34,217

33,556

37,244
-

36,674
-

36,087
-

35,483
-

34,859
-

34,217
-

33,556
-

-

-

-

-

-

-

-

10

11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31
32

33
34
35
36
37

38
39
40
41
42
43
44
45

Taxes other than income taxes (408.1)
Gains from disposition of utility plant (411.6)
Losses from disposition of utility plant (411.7)
Total utility operating expenses (4 thru 13)
Net utility operating income (2-14)
OTHER INCOME AND DEDUCTIONS
Other income
Non-utility operating income (415 - 418)
Interest and dividend income (419)
Allowance for other funds used during construction (419.1)
Miscellaneous non-operating income (421)
Gain on disposition of property (421.1)
Total other income (18 thru 22)
Other income deductions:
Loss on disposition of property (421.1)
Miscellaneous amortization (425)
Miscellaneous income deductions (426.1 - 426.5)
Total other income deductions (25 thru 27)
Taxes other than income taxes (408.2)
Net other income and deductions (23-28-29)
INTEREST CHARGES
Interest on long-term debt (427)
Amortization of debt discount and expenses (428)
Amortization of loss on reacquired debt (428.1)
Amortization of premium on debt - Cr. (429)
Amortization of gain on reacquired debt - Cr. (429.1)
Other interest expense (431) - Finance Water Heaters
Allowance for borrowed funds used during construction - Cr. (432)
Net interest charges (32 thru 38)
Income before extraordinary items (15+30-39)
EXTRAORDINARY ITEMS
Extraordinary income (434)
Extraordinary deductions (435)
Net extraordinary items (42-43)
Net Income (40+44)
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ϭͲŝŶĐŚW^ZϭϭWŝƉĞͲĂǀĞĨŽŽƚĂŐĞ
ηϭϮt'ƐŽůŝĚĐŽƉƉĞƌƚƌĂĐĞƌǁŝƌĞ
dƌĂĐĞƌǁŝƌĞƐƉůŝĐĞ

ϭ
ϯ
ϭ

ΨϮϭ͘ϬϬ ΨϮϭ͘ϬϬ
Ψϵ͘ϬϬ ΨϮϳ͘ϬϬ
Ψϭϯ͘ϬϬ Ψϭϯ͘ϬϬ

WͬE͗ϯϲϬϬϬϭϮϳϴ͖dĂƉƚĞĞ

ϭ
ϭ
ϭ
ϭ
ϭ
ϭ
ϭ
ϭ

Ψϯϵ͘ϬϬ
Ψϯϱ͘ϬϬ
Ψϯ͘ϱϬ
Ψϯϲ͘ϬϬ
Ψϱϱ͘ϬϬ
ΨϮϭ͘ϬϬ
Ψϵϱ͘ϬϬ
ΨϲϮ͘ϬϬ

WͬE͗DdE^^ϬϳϬϬϳϬ,ŝƐϯϲΗsǆϯϬΗ,

ϲϱ
ϲϵ
ϭ

ΨϬ͘ϯϱ ΨϮϮ͘ϳϱ
ΨϬ͘ϭϲ Ψϭϭ͘Ϭϰ
Ψϱ͘ϬϬ Ψϱ͘ϬϬ

WƌŝĐĞƐƋƵŽƚĞĚ:ƵůϮϬďǇ^ĐŽƚƚΛDƚŶ^ƚĂƚĞƐWŝƉĞ

WͬE͗ϯϲϬϬϬϴϵϯ͖ŽƵƚŽĨdĂƉ͕ďŽƚŚĞŶĚƐ&s͖ƌŝƐĞƌ͖ŵŽƌĞŽŶƐŽŵĞƉƌŽũĞĐƚƐ
WͬE͗ϱϬϬϵϯ'ĨŽƌhDϳϬϬηϰϭ

Ψϯϵ͘ϬϬ
Ψϯϱ͘ϬϬ
Ψϯ͘ϱϬ
Ψϯϲ͘ϬϬ
Ψϱϱ͘ϬϬ
ΨϮϭ͘ϬϬ
Ψϵϱ͘ϬϬ
ΨϲϮ͘ϬϬ

WͬE͗,ϭϭϭϳϵϭ͖ϭǆϭEWdǀĂůǀĞǁŝƚŚƵŶŝŽŶƚŽƉ͖ϭϳϱW^/'͖ǁhŶŝŽŶƚŽƉŝƐΨϭϭŵŽƌĞ͖ƐĂǀĞƐĨŝƚƚŝŶŐƐΘŵĂŬĞƵƉƚŝŵĞ
WͬE͗ϭϲE͕ůĂĐŬ/ƌŽŶ͕EWd
WͬE͗Z^ϭϴϭϯͲϯ͖ϭǆϭEWd͖ϱ͘ϱͲϴ͘ϱΗt͖ϯͬϭϲΗŽƌŝĨŝĐĞ

ůĂƐƚŽƌĚĞƌƉƌϮϬǁĂƐΨϯϲ͖D^W^ƋƵŽƚĞΨϱϰ͘ϰϱƐĞĞŵƐĞƌƌŽŶĞŽƵƐ

WͬE͗DϭͲͲͲh͖ϭΗEWdǆϮϬ>dƐƉƵĚƐ͖ŝŶůŝĞƵŽĨ ůĂƐƚŽƌĚĞƌƉƌϮϬǁĂƐΨϰϵ͘ϭϯ͕'&ĞŶƚƌĂůWůĂƐƚŝĐƐ
WͬE͗dͲϰϭƌŽƵŶĚďƌĂĐŬĞƚ
WͬE͗ϮϱϬǁŝƚŚd͕ŽĚŽŵĞƚĞƌŝŶĚĞǆ͕ϮϬ>dƐƉƵĚƐ
WͬE͗Z'ͲϱϬϬϳͲϬϬϭ
ƚǇƉŝĐĂůŝŶͲƚŽǁŶƐĞƌǀŝĐĞůŝŶĞůĞŶŐƚŚ
ΔĂĚĚϰĨƚĨŽƌƚŝĞͲŝŶĂƚŵĂŝŶ͕ƉůƵƐůŽŽƉƚŽƐƵƌĨĂĐĞďǇƌŝƐĞƌ
ƵŶĚĞƌŐƌŽƵŶĚƐƉůŝĐĞŬŝƚǁŝƚŚƐĞĂůĂŶƚ

Ψϰϰϲ͘Ϯϵ

DĂƚĞƌŝĂůƐ

ΨϯϰϬ͘ϬϬ

>ĂďŽƌΘƋƵŝƉƚ

ΎƐŝǌĞĚĨŽƌƚǇƉŝĐĂůƌĞƐŝĚĞŶƚŝĂůůŽĂĚ
ϮůĂďŽƌĞƌƐ͕ϭƚƌƵĐŬΘƚŽŽůƐĂƚΨϴϱͬŚƌŽƌΨϲϴϬƉĞƌĚĂǇ
WůŽǁdƌĞŶĐŚĞƌŝƐΨϮϬϬͬĚĂǇ͕ƌĞĐŽŵŵĞŶĚďƵǇŝŶŐŽƌůĞĂƐŝŶŐƚŚĞƚƌĞŶĐŚĞƌ

Ψϳϴϲ͘Ϯϵ

dŽƚĂů^ĞƌǀŝĐĞͲĂǀĞƌĂŐĞůĞŶŐƚŚ

ŽƵŐƉƌĞƉĂƌĞĚŽƌŝŐŝŶĂůĨŽƌŝŶŽƐĂƵƌƉƌŽũĞĐƚĞƐƚŝŵĂƚĞĐĂĞĐϭϰ

ϮϬϴ dŽƚĂů^ĞƌǀŝĐĞƐ
ϭϬϬ Ĩƚ
ΨϳϵϬ ǀĞŽƐƚ
Ψϭϲϰ͕ϯϮϬ

ϭΗ/ŶƐƵůĂƚĞĚhŶŝŽŶ

ϰϭ ^ĞƌǀŝĐĞƐŽǀĞƌϭϬϬĨƚ
ϳϮϴϮ ǆĐĞƐƐĨŽŽƚĂŐĞ
ΨϮ͘ϱ ǆĐĞƐƐΨͬĨƚ
Ψϭϴ͕ϮϬϱ

ϭ

Ψϵ͘ϮϬ Ψϵ͘ϮϬ

dŽƚĂůŽƐƚ
ΨϭϴϮ͕ϱϮϱ

Ψϵ͘Ϯϭ ĂǀĞƌĂŐĞΨͬĨƚĨŽƌĂůůŽĨƚŚĞŵ

WͬE͗ϭϬϬϱϭϬϮ͕ůĂĐŬ/ƌŽŶ͕EWd͖ŽƌƵƐĞŝŶƐƵůĂƚĞĚsĂůǀĞ

ĂĚĚŝĨŶŽƚďƵŝůƚŝŶƚŽDĞƚĞƌ^ƚŽƉĂŶĚDĞƚĞƌ>ŽŽƉ

ǆŚŝďŝƚϵ͗,ŝƐƚŽƌŝĐĂů'ĂƐŽƐƚŽŵƉĂƌŝƐŽŶ^ŚĞĞƚ;ϭŽĨϮͿ
:HQGRYHU*DV
+LVWRULF&RVW3URSDQHY1DWXUDO*DV
WƌŽƉĂŶĞ

WƌŽƉĂŶĞ

ĐŽƐƚͬŐĂůůŽŶ

ΨƉĞƌƚŚ

ǁŚŽůĞƐĂůĞ

EĂƚů'ĂƐ

ŝĨĨĞƌĞŶƚŝĂůWǀƐE'

ΨƉĞƌƚŚ

ΨƉĞƌƚŚ

й

DŽŶƚŚůǇ
tĞŝŐŚƚ

tĞŝŐŚƚĞĚ

ŶŶƵĂů

YƵĂƌƚĞƌůǇ

ĚΨƉĞƌƚŚ tƚĚǀĞĚΨ tƚĚǀĞĚΨ

WƌŽƉĂŶĞ

ŝĨĨΖů

ŝĨĨΖů

DƚĞůǀƵΨͬŐů

ǀKƉĂů

tĞŶǀƐůǀƵ

ΨͬdŚ

ΨͬdŚ

KƉĂůŝŶĚĞǆ

ƌƵĚĞKŝů

EzDĞǆΨͬďďů tĞŶϯǀKŝů
ŽD
ŐĂůǀƐďďů

:ĂŶͲϭϰ
&ĞďͲϭϰ
DĂƌͲϭϰ
ƉƌͲϭϰ
DĂǇͲϭϰ
:ƵŶͲϭϰ
:ƵůͲϭϰ
ƵŐͲϭϰ
^ĞƉͲϭϰ
KĐƚͲϭϰ
EŽǀͲϭϰ
ĞĐͲϭϰ
:ĂŶͲϭϱ
&ĞďͲϭϱ
DĂƌͲϭϱ
ƉƌͲϭϱ
DĂǇͲϭϱ
:ƵŶͲϭϱ
:ƵůͲϭϱ
ƵŐͲϭϱ
^ĞƉͲϭϱ
KĐƚͲϭϱ
EŽǀͲϭϱ
ĞĐͲϭϱ
:ĂŶͲϭϲ
&ĞďͲϭϲ
DĂƌͲϭϲ
ƉƌͲϭϲ
DĂǇͲϭϲ
:ƵŶͲϭϲ
:ƵůͲϭϲ
ƵŐͲϭϲ
^ĞƉͲϭϲ
KĐƚͲϭϲ
EŽǀͲϭϲ
ĞĐͲϭϲ
:ĂŶͲϭϳ
&ĞďͲϭϳ
DĂƌͲϭϳ
ƉƌͲϭϳ
DĂǇͲϭϳ
:ƵŶͲϭϳ

Ψdh

ϲϯ͘ϳϰ

ϭ͘ϳϱϬ ϭϵ͘ϭϯ

ϰ͘ϯϲ

ϭϰ͘ϳϳ

ϯϯϵй

ϭϱ͘ϱй Ϯ͘Ϯϵ

ϭ͘ϯϵϴ

ϭϭ͘ϬϬ ϯ͘ϴϳ

ϵϳ͘ϰϵ

ϭϰй

ϭ͘ϵϰϬ Ϯϭ͘ϮϬ

ϰ͘ϵϲ

ϭϲ͘Ϯϰ

ϯϮϳй

ϭϯ͘ϱй Ϯ͘ϭϵ

ϭ͘ϰϱϮ

ϭϭ͘ϬϬ ϱ͘ϯϲ

ϭϬϮ͘ϱϵ

Ϯϭй

ϭ͘ϮϭϬ ϭϯ͘ϮϮ

ϱ͘ϯϭ

ϳ͘ϵϭ

ϭϰϵй

ϭϭ͘Ϭй Ϭ͘ϴϳ

ϭ͘ϬϲϬ

ϲ͘ϯϰ ϭ͘ϲϱ

ϭϬϭ͘ϱϴ

ͲϮϰй

ϭ͘ϭϬϬ ϭϮ͘ϬϮ

ϰ͘ϯϮ

ϳ͘ϳϬ

ϭϳϴй

ϴ͘ϱй Ϭ͘ϲϱ

ϭ͘Ϭϵϵ

ϳ͘ϳϱ Ϭ͘Ϭϭ

ϵϵ͘ϳϰ

ͲϯϬй

ϭ͘ϬϲϬ ϭϭ͘ϱϴ

ϰ͘ϰϱ

ϳ͘ϭϯ

ϭϲϬй

ϲ͘Ϭй Ϭ͘ϰϯ

ϭ͘Ϭϰϭ

ϲ͘ϵϵ Ϭ͘Ϯϭ

ϭϬϮ͘ϳϭ

Ͳϯϰй

ϭ͘ϬϵϬ ϭϭ͘ϵϭ

ϰ͘Ϯϯ

ϳ͘ϲϴ

ϭϴϮй

ϯ͘Ϭй Ϭ͘Ϯϯ

ϭ͘Ϭϰϱ

ϳ͘Ϯϱ Ϭ͘ϱϬ

ϭϬϱ͘ϯϳ

Ͳϯϰй

ϭ͘Ϭϵϰ ϭϭ͘ϵϲ

ϰ͘ϰϮ

ϳ͘ϱϰ

ϭϳϭй

Ϯ͘Ϭй Ϭ͘ϭϱ

ϭ͘Ϭϯϰ

ϲ͘ϵϰ Ϭ͘ϲϲ

ϵϴ͘ϭϳ

ͲϮϵй

ϭ͘Ϭϵϳ ϭϭ͘ϵϵ

ϯ͘ϲϵ

ϴ͘ϯϬ

ϮϮϱй

Ϯ͘Ϭй Ϭ͘ϭϳ

ϭ͘Ϭϭϲ

ϳ͘ϰϳ Ϭ͘ϴϵ

ϵϱ͘ϵϲ

ͲϮϳй

ϭ͘ϭϮϯ ϭϮ͘Ϯϳ

ϯ͘ϴϯ

ϴ͘ϰϰ

ϮϮϬй

ϯ͘Ϭй Ϭ͘Ϯϱ

ϭ͘Ϭϲϭ

ϳ͘ϴϯ Ϭ͘ϲϴ

ϵϭ͘ϭϲ

ͲϮϭй

ϭ͘Ϭϴϵ ϭϭ͘ϵϬ

ϯ͘ϳϳ

ϴ͘ϭϯ

Ϯϭϲй

ϳ͘ϱй Ϭ͘ϲϭ

Ϭ͘ϵϯϲ

ϲ͘ϱϮ ϭ͘ϲϴ

ϴϬ͘ϱϰ

Ͳϭϰй

ϭ͘Ϭϰϭ ϭϭ͘ϯϴ

ϯ͘ϰϮ

ϳ͘ϵϲ

Ϯϯϯй

ϭϭ͘ϱй Ϭ͘ϵϮ

Ϭ͘ϴϬϰ

ϱ͘ϰϭ Ϯ͘ϲϭ

ϲϲ͘ϭϱ

Ϭй

Ϭ͘ϴϳϬ ϵ͘ϱϭ

ϰ͘Ϭϵ

ϱ͘ϰϮ

ϭϯϮй

ϭϲ͘ϱй Ϭ͘ϴϵ ϵ͘ϲϱ ϲ͘ϴϭ

Ϭ͘ϱϰϲ

ϭ͘ϵϭ ϯ͘ϱϲ

ϱϯ͘Ϯϳ

ϰй

Ϭ͘ϳϮϲ ϳ͘ϵϯ

ϯ͘Ϭϵ

ϰ͘ϴϰ

ϭϱϳй

ϭϱ͘ϱй Ϭ͘ϳϱ

Ϭ͘ϰϳϴ

Ϯ͘ϭϲ Ϯ͘ϳϯ

ϰϴ͘Ϯϰ

Ͳϰй

Ϭ͘ϳϭϲ ϳ͘ϴϯ

Ϯ͘ϲϱ

ϱ͘ϭϴ

ϭϵϱй

ϭϯ͘ϱй Ϭ͘ϳϬ

Ϭ͘ϱϳϮ

ϯ͘ϲϰ ϭ͘ϱϴ

ϰϵ͘ϳϲ

Ͳϴй

Ϭ͘ϲϴϰ ϳ͘ϰϴ

Ϯ͘ϲϮ

ϰ͘ϴϲ

ϭϴϱй

ϭϭ͘Ϭй Ϭ͘ϱϯ

Ϭ͘ϱϰϰ

ϯ͘ϯϲ ϭ͘ϱϰ

ϰϳ͘ϲϬ

Ͳϴй

Ϭ͘ϱϴϰ ϲ͘ϯϴ

Ϯ͘ϯϬ

ϰ͘Ϭϴ

ϭϳϴй

ϴ͘ϱй Ϭ͘ϯϱ

Ϭ͘ϱϰϲ

ϯ͘ϳϬ Ϭ͘ϰϮ

ϱϵ͘ϲϯ

Ͳϯϴй

Ϭ͘ϰϯϰ ϰ͘ϳϰ

Ϯ͘Ϯϰ

Ϯ͘ϱϬ

ϭϭϮй

ϲ͘Ϭй Ϭ͘ϭϱ

Ϭ͘ϰϱϰ ϰ͘ϵϲ

Ϯ͘ϲϬ

Ϯ͘ϯϲ

ϵϭй

ϯ͘Ϭй Ϭ͘Ϭϳ

Ϭ͘ϰϮϰ ϰ͘ϲϯ

Ϯ͘ϲϮ

Ϯ͘Ϭϭ

ϳϳй

Ϭ͘ϰϮϰ ϰ͘ϲϯ

Ϯ͘ϲϲ

ϭ͘ϵϳ

ϳϰй

Ϭ͘ϱϬϵ ϱ͘ϱϲ

Ϯ͘ϰϲ

ϯ͘ϭϬ

ϭϮϲй

ϯ͘Ϭй Ϭ͘Ϭϵ

Ϭ͘ϲϬϰ ϲ͘ϲϬ

Ϯ͘ϰϯ

ϰ͘ϭϳ

ϭϳϮй

ϳ͘ϱй Ϭ͘ϯϭ

Ϭ͘ϱϴϰ ϲ͘ϯϴ

Ϯ͘Ϭϰ

ϰ͘ϯϰ

Ϯϭϯй

ϭϭ͘ϱй Ϭ͘ϱϬ

Ϭ͘ϰϮϯ

Ϭ͘ϲϬϵ ϲ͘ϲϲ

Ϯ͘ϮϮ

ϰ͘ϰϰ

ϮϬϬй

ϭϲ͘ϱй Ϭ͘ϳϯ ϰ͘Ϯϳ ϰ͘ϯϱ

Ϭ͘ϯϴϬ

Ϭ͘ϱϵϰ ϲ͘ϰϵ

Ϯ͘Ϯϴ

ϰ͘Ϯϭ

ϭϴϱй

ϭϱ͘ϱй Ϭ͘ϲϱ

Ϭ͘ϯϯϬ

Ϭ͘ϱϱϰ ϲ͘Ϭϱ

Ϯ͘ϬϮ

ϰ͘Ϭϯ

ϮϬϬй

ϭϯ͘ϱй Ϭ͘ϱϰ

Ϭ͘ϱϱϰ ϲ͘Ϭϱ

ϭ͘ϱϭ

ϰ͘ϱϰ

ϯϬϭй

ϭϭ͘Ϭй Ϭ͘ϱϬ

Ϭ͘ϱϰϰ ϱ͘ϵϱ

ϭ͘ϱϭ

ϰ͘ϰϰ

Ϯϵϰй

Ϭ͘ϲϮϵ ϲ͘ϴϳ

ϭ͘ϳϳ

ϱ͘ϭϬ

Ϯϴϴй

Ϭ͘ϱϱϰ ϲ͘Ϭϱ

ϭ͘ϳϴ

ϰ͘Ϯϳ

ϮϰϬй

ϯ͘Ϭй Ϭ͘ϭϯ

Ϭ͘ϱϯϵ ϱ͘ϴϵ

Ϯ͘ϱϮ

ϯ͘ϯϳ

ϭϯϰй

Ϯ͘Ϭй Ϭ͘Ϭϳ

Ϭ͘ϱϮϰ ϱ͘ϳϯ

Ϯ͘ϱϭ

ϯ͘ϮϮ

ϭϮϴй

Ϯ͘Ϭй Ϭ͘Ϭϲ

Ϭ͘ϱϱϰ ϲ͘Ϭϱ

Ϯ͘ϲϮ

ϯ͘ϰϯ

ϭϯϭй

ϯ͘Ϭй Ϭ͘ϭϬ

Ϭ͘ϳϬϰ ϳ͘ϲϵ

Ϯ͘ϳϬ

ϰ͘ϵϵ

ϭϴϱй

Ϭ͘ϲϲϴ ϳ͘ϯϬ

Ϯ͘ϲϮ

ϰ͘ϲϴ

Ϭ͘ϴϯϵ ϵ͘ϭϳ

Ϯ͘ϵϵ

Ϭ͘ϵϵϰ ϭϬ͘ϴϲ

ϯ͘ϳϯ

Ϭ͘ϵϳϯ ϭϬ͘ϲϯ
Ϭ͘ϳϳϬ ϴ͘ϰϮ
Ϭ͘ϳϮϲ ϳ͘ϵϯ

ϭϯ͘ϯϴ

ϳ͘ϱϬ

ϴ͘ϭϰ

ϰ͘ϵϲ

Ϭ͘ϰϱϲ

Ϯ͘ϳϳ ;Ϭ͘ϮϰͿ

ϲϬ͘ϯϬ

Ͳϱϰй

Ϭ͘ϯϲϱ

ϭ͘ϰϭ Ϭ͘ϵϴ

ϱϵ͘ϰϳ

Ͳϱϭй

Ϯ͘Ϭй Ϭ͘Ϭϰ

Ϭ͘ϯϴϱ

ϭ͘ϲϭ Ϭ͘ϰϯ

ϰϳ͘ϭϮ

Ͳϰϯй

Ϯ͘Ϭй Ϭ͘Ϭϰ

Ϭ͘ϯϳϰ

ϭ͘ϰϱ Ϭ͘ϱϱ

ϰϵ͘ϮϬ

Ͳϰϱй

Ϭ͘ϰϱϯ

Ϯ͘ϱϭ Ϭ͘ϲϮ

ϰϱ͘Ϭϵ

ͲϮϴй

Ϭ͘ϰϰϱ

Ϯ͘ϰϲ ϭ͘ϳϰ

ϰϲ͘ϱϵ

Ͳϭϳй

Ϯ͘ϲϬ ϭ͘ϳϳ

ϰϭ͘ϲϱ

Ͳϭϭй

ϭ͘ϵϲ Ϯ͘ϱϮ

ϯϳ͘Ϭϰ

ϱй

ϭ͘ϯϱ Ϯ͘ϵϬ

ϯϯ͘ϲϮ

ϭϯй

Ϭ͘ϯϳϰ

Ϯ͘Ϭϵ ϭ͘ϵϴ

ϯϯ͘ϳϱ

ϱй

Ϭ͘ϰϱϭ

ϯ͘ϰϱ ϭ͘ϭϯ

ϯϴ͘ϯϰ

Ͳϴй

ϴ͘ϱй Ϭ͘ϯϴ

Ϭ͘ϰϱϱ

ϯ͘ϰϵ Ϭ͘ϵϴ

ϰϱ͘ϵϮ

ͲϮϰй

ϲ͘Ϭй Ϭ͘ϯϭ

Ϭ͘ϱϮϳ

ϰ͘ϬϮ ϭ͘ϭϮ

ϰϵ͘ϭϬ

Ͳϭϴй

Ϭ͘ϰϵϳ

ϯ͘ϲϴ Ϭ͘ϲϯ

ϰϴ͘ϯϯ

ͲϮϳй

Ϭ͘ϰϳϮ

Ϯ͘ϲϲ Ϭ͘ϳϰ

ϰϭ͘ϲϬ

Ͳϭϳй

Ϭ͘ϰϰϰ

Ϯ͘ϯϳ Ϭ͘ϴϳ

ϰϰ͘ϳϬ

ͲϮϱй

Ϭ͘ϰϵϳ

Ϯ͘ϴϰ Ϭ͘ϲϯ

ϰϴ͘Ϯϰ

ͲϮϳй

ϳ͘ϱй Ϭ͘ϯϳ

Ϭ͘ϱϳϴ

ϯ͘ϲϱ ϭ͘ϯϵ

ϰϲ͘ϴϲ

Ͳϰй

ϭϳϵй

ϭϭ͘ϱй Ϭ͘ϱϰ

Ϭ͘ϱϮϵ

ϯ͘ϭϵ ϭ͘ϱϯ

ϰϵ͘ϰϰ

Ͳϭϰй

ϲ͘ϭϴ

ϮϬϳй

ϭϲ͘ϱй ϭ͘ϬϮ ϰ͘ϲϴ ϱ͘ϰϰ

Ϭ͘ϲϯϯ

ϯ͘ϵϲ Ϯ͘Ϯϳ

ϱϯ͘ϳϮ

Ϭй

ϳ͘ϭϯ

ϭϵϭй

ϭϱ͘ϱй ϭ͘ϭϭ

Ϭ͘ϳϰϬ

ϰ͘ϰϬ Ϯ͘ϳϵ

ϱϮ͘ϴϭ

ϮϬй

ϯ͘ϭϭ

ϳ͘ϱϮ

ϮϰϮй

ϭϯ͘ϱй ϭ͘ϬϮ

Ϭ͘ϳϴϲ

ϱ͘ϱϮ Ϯ͘Ϭϲ

ϱϰ͘Ϭϭ

ϭϱй

Ϯ͘Ϯϵ

ϲ͘ϭϯ

Ϯϲϳй

ϭϭ͘Ϭй Ϭ͘ϲϳ

Ϭ͘ϲϭϭ

ϰ͘ϰϮ ϭ͘ϳϱ

ϱϬ͘ϲϬ

Ͳϯй

Ϯ͘ϲϰ

ϱ͘Ϯϵ

ϮϬϭй

ϴ͘ϱй Ϭ͘ϰϱ

Ϭ͘ϲϱϬ

ϰ͘ϱϭ Ϭ͘ϴϯ

ϰϵ͘ϯϯ

Ͳϲй

Ϭ͘ϲϵϵ ϳ͘ϲϰ

Ϯ͘ϲϮ

ϱ͘ϬϮ

ϭϵϮй

ϲ͘Ϭй Ϭ͘ϯϬ

Ϭ͘ϲϰϬ

ϰ͘ϰϭ Ϭ͘ϲϱ

ϰϴ͘ϯϮ

Ͳϴй

Ϭ͘ϲϱϯ ϳ͘ϭϰ

Ϯ͘ϳϵ

ϰ͘ϯϱ

ϭϱϲй

ϯ͘Ϭй Ϭ͘ϭϯ

Ϭ͘ϱϵϭ

ϯ͘ϳϬ Ϭ͘ϲϵ

ϰϲ͘Ϭϰ

ͲϭϬй

ϯ͘Ϯϱ

Ϯ͘ϰϳ

ϰ͘Ϯϰ

ϰ͘ϲϰ

ϯ͘ϯϱ

ϲ͘ϵϵ

ϱ͘Ϭϰ

WĂŐĞϭ of 2

ǆŚŝďŝƚϵ͗,ŝƐƚŽƌŝĐĂů'ĂƐŽƐƚŽŵƉĂƌŝƐŽŶ^ŚĞĞƚs (2 of 2)
:HQGRYHU*DV
+LVWRULF&RVW3URSDQHY1DWXUDO*DV
WƌŽƉĂŶĞ

WƌŽƉĂŶĞ

ĐŽƐƚͬŐĂůůŽŶ

ΨƉĞƌƚŚ

ǁŚŽůĞƐĂůĞ

EĂƚů'ĂƐ

ŝĨĨĞƌĞŶƚŝĂůWǀƐE'

ΨƉĞƌƚŚ

ΨƉĞƌƚŚ

й

DŽŶƚŚůǇ
tĞŝŐŚƚ

tĞŝŐŚƚĞĚ

ŶŶƵĂů

YƵĂƌƚĞƌůǇ

ĚΨƉĞƌƚŚ tƚĚǀĞĚΨ tƚĚǀĞĚΨ

WƌŽƉĂŶĞ

ŝĨĨΖů

ŝĨĨΖů

DƚĞůǀƵΨͬŐů

ǀKƉĂů

tĞŶǀƐůǀƵ

ΨͬdŚ

ΨͬdŚ

KƉĂůŝŶĚĞǆ

ƌƵĚĞKŝů

EzDĞǆΨͬďďů tĞŶϯǀKŝů
ŽD
ŐĂůǀƐďďů

:ƵůͲϭϳ
ƵŐͲϭϳ
^ĞƉͲϭϳ
KĐƚͲϭϳ
EŽǀͲϭϳ
ĞĐͲϭϳ
:ĂŶͲϭϴ
&ĞďͲϭϴ
DĂƌͲϭϴ
ƉƌͲϭϴ
DĂǇͲϭϴ
:ƵŶͲϭϴ
:ƵůͲϭϴ
ƵŐͲϭϴ
^ĞƉͲϭϴ
KĐƚͲϭϴ
EŽǀͲϭϴ
ĞĐͲϭϴ
:ĂŶͲϭϵ
&ĞďͲϭϵ
DĂƌͲϭϵ
ƉƌͲϭϵ
DĂǇͲϭϵ
:ƵŶͲϭϵ
:ƵůͲϭϵ
ƵŐͲϭϵ
^ĞƉͲϭϵ
KĐƚͲϭϵ
EŽǀͲϭϵ
ĞĐͲϭϵ
:ĂŶͲϮϬ
&ĞďͲϮϬ
DĂƌͲϮϬ
ƉƌͲϮϬ
DĂǇͲϮϬ
:ƵŶͲϮϬ
:ƵůͲϮϬ
ƵŐͲϮϬ
^ĞƉͲϮϬ

Ψdh

ϲϯ͘ϳϰ

Ϭ͘ϳϮϬ ϳ͘ϴϳ

Ϯ͘ϲϯ

ϱ͘Ϯϰ

ϭϵϵй

Ϯ͘Ϭй Ϭ͘ϭϬ

Ϭ͘ϲϱϱ

ϰ͘ϱϳ Ϭ͘ϳϭ

ϱϬ͘ϭϳ

Ͳϵй

Ϭ͘ϴϮϬ ϴ͘ϵϲ

Ϯ͘ϱϵ

ϲ͘ϯϳ

Ϯϰϲй

Ϯ͘Ϭй Ϭ͘ϭϯ

Ϭ͘ϳϲϬ

ϱ͘ϳϲ Ϭ͘ϲϲ

ϰϳ͘Ϯϯ

ϭϭй

Ϭ͘ϵϮϳ ϭϬ͘ϭϯ

Ϯ͘ϱϵ

ϳ͘ϱϰ

Ϯϵϭй

ϯ͘Ϭй Ϭ͘Ϯϯ

ϭ͘ϬϲϬ ϭϭ͘ϱϴ

Ϯ͘ϰϴ

ϵ͘ϭϬ

ϯϲϳй

ϳ͘ϱй Ϭ͘ϲϴ

ϭ͘ϭϱϭ ϭϮ͘ϱϴ

Ϯ͘ϲϯ

ϵ͘ϵϱ

ϯϳϴй

ϭϭ͘ϱй ϭ͘ϭϰ

Ϭ͘ϵϳϲ

ϴ͘Ϭϵ ϭ͘ϵϯ

ϱϳ͘ϰϬ

Ϯϴй

ϭ͘ϮϬϬ ϭϯ͘ϭϭ

Ϯ͘ϳϯ

ϭϬ͘ϯϴ

ϯϴϬй

ϭϲ͘ϱй ϭ͘ϳϭ ϳ͘ϲϴ ϵ͘ϵϳ

Ϭ͘ϵϱϵ

ϳ͘ϴϭ Ϯ͘ϲϰ

ϲϬ͘ϰϮ

Ϯϳй

ϭ͘ϭϯϭ ϭϮ͘ϯϲ

Ϯ͘ϱϮ

ϵ͘ϴϰ

ϯϵϭй

ϭϱ͘ϱй ϭ͘ϱϯ

Ϭ͘ϵϬϯ

ϳ͘ϰϬ Ϯ͘ϱϭ

ϲϰ͘ϳϯ

ϭϭй

ϭ͘ϬϰϮ ϭϭ͘ϯϵ

Ϯ͘ϴϬ

ϴ͘ϱϵ

ϯϬϳй

ϭϯ͘ϱй ϭ͘ϭϲ

Ϭ͘ϴϳϲ

ϲ͘ϴϮ ϭ͘ϴϯ

ϲϭ͘ϲϰ

ϴй

ϭ͘ϬϬϴ ϭϭ͘ϬϮ

Ϯ͘ϭϴ

ϴ͘ϴϰ

ϰϬϲй

ϭϭ͘Ϭй Ϭ͘ϵϳ

Ϭ͘ϳϴϭ

ϲ͘ϰϭ Ϯ͘ϰϵ

ϲϰ͘ϵϰ

Ͳϭй

Ϭ͘ϴϴϮ ϵ͘ϲϰ

ϭ͘ϴϱ

ϳ͘ϳϵ

ϰϮϭй

ϴ͘ϱй Ϭ͘ϲϲ

Ϭ͘ϴϮϭ

ϳ͘ϭϳ Ϭ͘ϲϴ

ϲϴ͘ϱϳ

Ͳϭϴй

Ϭ͘ϵϱϬ ϭϬ͘ϯϴ

ϭ͘ϵϬ

ϴ͘ϰϴ

ϰϰϲй

ϲ͘Ϭй Ϭ͘ϱϭ

Ϭ͘ϵϮϬ

ϴ͘Ϯϭ Ϭ͘ϯϯ

ϲϳ͘Ϭϰ

ͲϭϬй

Ϭ͘ϵϯϱ ϭϬ͘ϮϮ

Ϯ͘Ϭϵ

ϴ͘ϭϯ

ϯϴϵй

ϯ͘Ϭй Ϭ͘Ϯϰ

Ϭ͘ϴϴϭ

ϳ͘ϱϵ Ϭ͘ϱϵ

ϳϰ͘ϭϱ

ͲϮϬй

Ϭ͘ϵϴϮ ϭϬ͘ϳϯ

Ϯ͘Ϯϰ

ϴ͘ϰϵ

ϯϳϵй

Ϯ͘Ϭй Ϭ͘ϭϳ

Ϭ͘ϵϰϮ

ϴ͘ϭϭ Ϭ͘ϰϰ

ϲϴ͘ϳϲ

Ͳϵй

Ϭ͘ϵϳϬ ϭϬ͘ϲϬ

Ϯ͘ϰϭ

ϴ͘ϭϵ

ϯϰϬй

Ϯ͘Ϭй Ϭ͘ϭϲ

Ϭ͘ϵϳϴ

ϴ͘ϯϰ ;Ϭ͘ϬϵͿ

ϲϵ͘ϴϬ

Ͳϭϭй

ϭ͘ϬϭϮ ϭϭ͘Ϭϲ

Ϯ͘ϯϮ

ϴ͘ϳϰ

ϯϳϳй

ϯ͘Ϭй Ϭ͘Ϯϲ

ϭ͘Ϭϱϵ

ϵ͘ϯϭ ;Ϭ͘ϱϭͿ

ϳϯ͘Ϯϱ

ͲϭϮй

ϭ͘ϬϴϬ ϭϭ͘ϴϬ

Ϯ͘ϯϮ

ϵ͘ϰϴ

ϰϬϵй

ϳ͘ϱй Ϭ͘ϳϭ

Ϭ͘ϵϱϳ

ϴ͘ϭϵ ϭ͘ϯϲ

ϲϱ͘ϯϭ

ϱй

Ϭ͘ϵϯϭ ϭϬ͘ϭϳ

ϯ͘Ϯϯ

ϲ͘ϵϰ

Ϯϭϱй

ϭϭ͘ϱй Ϭ͘ϴϬ

Ϭ͘ϳϰϰ

ϰ͘ϵϰ Ϯ͘Ϭϲ

ϱϬ͘ϵϯ

ϭϳй

Ϭ͘ϵϴϳ ϭϬ͘ϳϵ

ϱ͘ϳϬ

ϱ͘Ϭϵ

ϴϵй

ϭϲ͘ϱй Ϭ͘ϴϰ ϴ͘ϬϮ ϲ͘ϲϮ

Ϭ͘ϲϳϭ

ϭ͘ϲϳ ϯ͘ϰϳ

ϰϱ͘ϰϭ

ϯϵй

Ϭ͘ϵϴϮ ϭϬ͘ϳϯ

ϰ͘ϮϮ

ϲ͘ϱϭ

ϭϱϰй

ϭϱ͘ϱй ϭ͘Ϭϭ

Ϭ͘ϲϱϵ

ϯ͘ϬϮ ϯ͘ϱϱ

ϱϯ͘ϳϵ

ϭϲй

Ϭ͘ϵϴϮ ϭϬ͘ϳϯ

ϯ͘ϯϴ

ϳ͘ϯϱ

Ϯϭϴй

ϭϯ͘ϱй Ϭ͘ϵϵ

Ϭ͘ϲϲϳ

ϯ͘ϵϱ ϯ͘ϰϲ

ϱϳ͘ϮϮ

ϵй

Ϭ͘ϵϯϴ ϭϬ͘Ϯϱ

ϯ͘ϳϳ

ϲ͘ϰϴ

ϭϳϮй

ϭϭ͘Ϭй Ϭ͘ϳϭ

Ϭ͘ϲϲϭ

ϯ͘ϰϵ ϯ͘Ϭϱ

ϲϬ͘ϭϰ

Ͳϭй

Ϭ͘ϳϯϬ ϳ͘ϵϴ

Ϯ͘ϰϴ

ϱ͘ϱϬ

ϮϮϮй

ϴ͘ϱй Ϭ͘ϰϳ

Ϭ͘ϲϮϴ

ϰ͘ϰϮ ϭ͘ϭϮ

ϲϯ͘ϵϭ

ͲϮϳй

Ϭ͘ϲϯϮ ϲ͘ϵϭ

ϭ͘ϴϴ

ϱ͘Ϭϯ

Ϯϲϳй

ϲ͘Ϭй Ϭ͘ϯϬ

Ϭ͘ϱϳϬ

ϰ͘ϯϵ Ϭ͘ϲϴ

ϱϯ͘ϱϬ

ͲϮϱй

Ϭ͘ϱϱϬ ϲ͘Ϭϭ

ϭ͘ϴϵ

ϰ͘ϭϮ

Ϯϭϴй

ϯ͘Ϭй Ϭ͘ϭϮ

Ϭ͘ϰϮϵ

Ϯ͘ϴϮ ϭ͘ϯϯ

ϱϴ͘ϰϳ

ͲϰϬй

Ϭ͘ϱϯϰ ϱ͘ϴϰ

ϭ͘ϵϮ

ϯ͘ϵϮ

ϮϬϰй

Ϯ͘Ϭй Ϭ͘Ϭϴ

Ϭ͘ϰϯϴ

Ϯ͘ϴϵ ϭ͘Ϭϲ

ϱϴ͘ϱϴ

ͲϰϮй

Ϭ͘ϰϴϱ ϱ͘ϯϬ

Ϯ͘Ϭϭ

ϯ͘Ϯϵ

ϭϲϰй

Ϯ͘Ϭй Ϭ͘Ϭϳ

Ϭ͘ϰϭϵ

Ϯ͘ϲϬ Ϭ͘ϳϮ

ϱϱ͘ϭϬ

Ͳϰϰй

Ϭ͘ϱϯϳ ϱ͘ϴϳ

ϭ͘ϴϭ

ϰ͘Ϭϲ

ϮϮϰй

ϯ͘Ϭй Ϭ͘ϭϮ

Ϭ͘ϰϱϬ

ϯ͘ϭϯ Ϭ͘ϵϲ

ϱϰ͘Ϭϳ

Ͳϯϳй

Ϭ͘ϲϭϴ ϲ͘ϳϱ

Ϯ͘Ϭϭ

ϰ͘ϳϰ

Ϯϯϲй

ϳ͘ϱй Ϭ͘ϯϲ

Ϭ͘ϰϲϭ

ϯ͘Ϭϲ ϭ͘ϳϮ

ϱϰ͘ϭϴ

ͲϮϳй

Ϭ͘ϳϯϱ ϴ͘Ϭϯ

Ϯ͘ϯϮ

ϱ͘ϳϭ

Ϯϰϲй

ϭϭ͘ϱй Ϭ͘ϲϲ

Ϭ͘ϱϯϱ

ϯ͘ϱϲ Ϯ͘ϭϵ

ϱϱ͘ϭϳ

Ͳϭϱй

Ϭ͘ϳϳϮ ϴ͘ϰϰ

ϯ͘ϰϰ

ϱ͘ϬϬ

ϭϰϱй

ϭϲ͘ϱй Ϭ͘ϴϮ ϱ͘ϳϭ ϱ͘ϭϴ

Ϭ͘ϰϵϱ

Ϯ͘ϬϬ ϯ͘Ϭϰ

ϲϭ͘Ϭϲ

Ͳϭϵй

Ϭ͘ϲϱϵ ϳ͘ϮϬ

ϯ͘ϭϲ

ϰ͘Ϭϰ

ϭϮϴй

ϭϱ͘ϱй Ϭ͘ϲϯ

Ϭ͘ϰϬϬ

ϭ͘Ϯϯ Ϯ͘ϴϱ

ϱϭ͘ϱϲ

Ͳϭϵй

Ϭ͘ϲϬϳ ϲ͘ϲϯ

ϭ͘ϵϱ

ϰ͘ϲϴ

ϮϰϬй

ϭϯ͘ϱй Ϭ͘ϲϯ

Ϭ͘ϯϵϮ

Ϯ͘ϯϲ Ϯ͘ϯϲ

ϰϰ͘ϳϲ

Ͳϭϰй

Ϭ͘ϱϱϳ ϲ͘Ϭϵ

ϭ͘ϱϰ

ϰ͘ϱϱ

Ϯϵϱй

ϭϭ͘Ϭй Ϭ͘ϱϬ

Ϭ͘ϯϮϮ

Ϯ͘ϬϬ Ϯ͘ϱϴ

ϮϬ͘ϰϴ

ϳϯй

Ϭ͘ϰϮϰ ϰ͘ϲϯ

ϭ͘Ϯϵ

ϯ͘ϯϰ

Ϯϱϵй

ϴ͘ϱй Ϭ͘Ϯϴ

Ϭ͘ϯϮϮ

Ϯ͘Ϯϱ ϭ͘ϭϮ

ϭϵ͘ϱϲ

ϯϴй

Ϭ͘ϰϵϱ ϱ͘ϰϭ

ϭ͘ϱϵ

ϯ͘ϴϮ

ϮϰϬй

ϲ͘Ϭй Ϭ͘Ϯϯ

Ϭ͘ϰϬϳ

Ϯ͘ϴϵ Ϭ͘ϵϲ

ϯϱ͘ϰϵ

Ͳϭϭй

Ϭ͘ϱϴϬ ϲ͘ϯϰ

ϭ͘ϱϰ

ϰ͘ϴϬ

ϯϭϮй

ϯ͘Ϭй Ϭ͘ϭϰ ϰ͘ϱϮ ϯ͘ϳϲ

Ϭ͘ϰϵϮ

ϯ͘ϴϳ Ϭ͘ϵϳ

ϯϵ͘Ϯϳ

Ͳϲй

Ϭ͘ϱϵϰ ϲ͘ϰϵ

ϭ͘ϱϯ

ϰ͘ϵϲ

ϯϮϰй

Ϯ͘Ϭй Ϭ͘ϭϬ

Ϭ͘ϰϵϰ

ϯ͘ϵϬ ϭ͘Ϭϵ

ϭϬ͘Ϯϳ

Ϯϲϵй

Ϭ͘ϲϭϵ ϲ͘ϳϳ

ϭ͘ϲϵ

ϱ͘Ϭϴ

ϯϬϬй

Ϯ͘Ϭй Ϭ͘ϭϬ

Ϭ͘ϱϮϬ

ϰ͘ϬϮ ϭ͘Ϭϵ

ϰϯ͘ϮϬ

Ͳϵй

Ϭ͘ϲϭϰ ϲ͘ϳϭ

Ϯ͘ϯϵ

ϰ͘ϯϮ

ϭϴϭй

ϯ͘Ϭй Ϭ͘ϭϯ

ϲ͘ϱϱ

ϵ͘ϭϰ

ϴ͘Ϭϵ

ϴ͘ϱϭ

ϲ͘ϳϵ

ϱ͘ϭϬ

ϯ͘ϴϬ

ϰ͘ϰϬ

Ϭ͘ϴϴϵ

ϳ͘ϭϴ Ϭ͘ϰϮ

ϱϭ͘ϲϳ

ϭϰй

Ϭ͘ϵϯϮ

ϳ͘ϳϲ ϭ͘ϰϭ

ϱϰ͘ϯϴ

Ϯϰй

ϰ͘ϳϮ
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*CONCEPTUAL DESIGN – SUBJECT TO CHANGE*
FRONT END ENGINEERING & DESIGN PROPOSAL
Town of Dinosaur Delivery Meter Station
near NWP Mainline M.P. 295
Rio Blanco County, CO
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Town of Dinosaur – Delivery Meter Station

1.

Rev. 2, Aug 2020

PRELIMINARY SCOPE
1.1.

EXECUTIVE SUMMARY
Town of Dinosaur has requested a cost estimate for a new interconnect on
Northwest Pipeline’s (“Northwest’s”) Mainline near M.P. 295 in Rio Blanco
County, CO. Per the Interconnect Request Form completed by Town of
Dinosaur on July 28 2020, the cost estimate includes the required facilities to
deliver volumes shown in the table below.
Please note if flows are observed below the design minimum delivery rate,
measurement equipment may be added at additional cost to Town of Dinosaur.
Northwest will deliver gas at prevailing line pressure, up to the MAOP of 809
psig. Town of Dinosaur is responsible for regulation and overpressure
protection.

Proposed Capacity

Hourly Rate
(MSCFH)
8

Daily Rate
(MSCFD)
192

Daily Rate with
1.54 Peaking
Factor (MSCFD)
125

Design Min
Rate
(MSCFD)
8

The design delivery pressure is 450 psig. Please note design pressure does not
imply a guarantee of pressure during service.
IN-SERVICE
The requested in-service date is September 15, 2021. This date is dependent
upon the approval of a facilities agreement by December 15, 2020. The
estimate assumes 9 months for planning, permitting, and construction from
agreement execution and funding through in-service. Expediting the project
may significantly impact project cost. Construction during the winter/wet
season also may significantly impact project cost and schedule.
The major items included in this estimate are:
x
x
x
x
x
x

Utilize existing tap on NWP Mainline
CMFS040 2/5” Coriolis
2” Dry Gas Filter
EFM Enclosure
EFM & SCADA communication equipment
2” yard piping and 2” meter bypass

ESTIMATE
The estimate presented here is considered Class 4. A Class 4 classification
indicates a high-level facility design with general review and input from project
stakeholders. It is derived from limited information and past project costs, and
is intended for feasibility analysis.
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The Class 4 estimated direct cost for the facilities as briefly described above is
shown below.
Percent

Project Management

Estimate

Low Estimate

High Estimate

4%

$

27,000

$

13,000

$

Engineering

14%

$

104,000

$

71,000

$

Materials

21%

$

162,000

$

103,000

$

7%

$

50,000

$

38,000

$

42%
3%

$
$

322,000
26,000

$
$

258,000
17,000

$
$

Construction Support

Construction Contracts
Land

Natural Resources
Environmental
MISC Labor

7,000
16,000
1,000

$
$
$

$

46,000

$

761,000

AFUDC
A&G

$
$

Tax Gross up
Total Cost

Operations
Total Direct Cost

1.2

1%
2%
0%

$
$
$

2,000
16,000
1,000

$
$
$

6%
100%

$

24,000

$

$

543,000

$

17,000

$
$

12,000

$
$

$

118,000

$

84,000

$

$

896,000

$

639,000

$

Comments
Range of estimates based on historical meter station
data from 2019
Costs can vary based on complexity of project,
changes in scope, compressed time frame, delays
and other issues.
The high estimate includes costs for outsourcing
project management, which would only occur if
internal employees were assigned to other projects
39,000 due to heavy work load.
Range of estimates based on historical meter station
data from years 2019. Costs can vary based on
complexity of project, changes in scope, compressed
150,000 time frame, delays and other issues.
Based on estimates from venders and historical
data.
202,000
Range based on the anticipated length of
construction of 9 weeks. Construction delays or
72,000 complications will increase costs.
Range of estimates based on historical meter station
data from years 2019. Historical costs used in
estimate may not be representative of current market
conditions.
Depending on the time of year costs may be higher
than estimated.
If winter construction is required costs could be
484,000 approximately 30% higher.
38,000
Costs will vary depending on the location and
permits required. Additional cultural or biological
9,000 surveys may be required that will increase the costs.
5,000
5,000
Estimate is based on the approximate number of
hours to complete the project. Costs will increase if
70,000 construction takes longer than anticipated.

1,074,000
24,000 Assumes a 2020 overhead rate of 2.25%
Estimate assumes a 2020 tax rate of 15.16%. If the
Williams corporate tax rate changes, the estimate will
166,000 be adjusted accordingly.
1,264,000

FACILITY DESCRIPTION
1.2.1

LOCATION
The tentative location for the interconnect is at Northwest’s Mainline,
near M.P. 295 in Rio Blanco County, CO. Once a mutually agreeable site
has been selected, Northwest will be responsible for acquiring the site via
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exclusive easement or as fee property, including any access which may be
needed to the site. Costs are included in the estimate for acquisition of a
100’ x 100’ (0.23 acre) parcel and an environmental audit of the property.
SURVEY
Northwest is responsible for acquiring the interconnect site and shall also
be responsible for surveying the site to identify and locate metes and
bounds, topography, any existing structures, property lines, pipeline
rights-of-way, easements, utilities, etc. as well as conducting a
geotechnical study, if necessary, to facilitate engineering and design.
1.2.2

GENERAL DESIGN CRITERIA
Town of Dinosaur provided the following proposed minimum and
maximum gas flow rates to Northwest in the Interconnect Data Sheet:
Gas Flow Summary
Peak Hourly Rate on Peak Day (MSCFH / DTH/H)
Max. Daily Volume (MSCFD / DTH/D)*
Min. Hourly Rate (MSCFH)
Min. Hourly Rate to Daily Rate (MSCFD)
Requested Min. Pressure (psig)

Initial
8
125
0.5
12
60

*

Maximum daily volume is the maximum hourly rate multiplied by 24
and divided by an hourly peaking factor of 1.54.

1.2.3

PROPOSED FACILITY CAPACITY
Based on recent FERC filings and standard engineering practices, the
Mainline pressure used for design of these facilities is 450 psig. The
MAOP of the Mainline used for determination of the minimum capacity of
the meters is 809 psig.

Min. & Max. Volume at Design Pressures
Min Hourly
Max Hourly
Rate @
Rate @
809 psig
450 psig
(MSCFH)
(MSCFH)
CMFS040 2/5” Coriolis
0.33
8
2” yard piping
N/A
213
2” bypass
N/A
301

Max Daily
Volume @
450 psig
(MSCFD)*
125
3,323
4,691

* Maximum daily volume is the maximum hourly rate multiplied by 24
and divided by an hourly peaking factor of 1.54.
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KEY MILESTONES
Upon execution of a Facility Agreement, a Signal Lease Agreement and receipt
of prepayment, authorization will be issued to commence engineering, design,
obtaining permits, material procurement, and construction.
Facility and Signal
Agreement(s) to in-service
Requested in-service date
Proposed in-service date

1.4

December 15, 2020
September 15, 2021
September 15, 2021

PERMITS
Based upon the information furnished by Town of Dinosaur, Northwest intends
to design and construct the proposed facilities pursuant to the automatic
provisions of Section 157.211(a) of the Federal Energy Regulatory Commission
(“FERC”) regulations once the Facility Agreement has been executed. In
accordance with the provisions of Section 157, Subpart F, Northwest will
acquire all necessary and applicable permits and clearances associated with
constructing the interconnect, including cultural resource, threatened and
endangered species, and wetland delineation. For automatic authorizations,
there is a 45 day landowner notification period.
Northwest will also be responsible for obtaining all other applicable federal,
state, county, and local permits and approvals, such as the soil plan, hydrostatic
test water discharge notification, site plan approval, conditional use and zoning
approval and variances, building and electrical permits, etc. Northwest’s
permitting effort may include preparing a site plan, grading plan, soil erosion
control plan, and building and electrical permit drawings for submittal to the
local permitting agencies. Costs are included in the estimate for site evaluation,
preparing such plans, meeting with the agencies and paying application or
processing fees.
NO CONSTRUCTION ACTIVITY BY NORTHWEST WILL COMMENCE
UNTIL ALL CLEARANCES, APPROVALS AND PERMITS ARE
RECEIVED.

2

PRELIMINARY COST ESTIMATE
All costs in this proposal represent a preliminary estimate or order-of-magnitude cost
for purposes of preliminary discussion and to provide a sense of relative magnitude to
Town of Dinosaur. The estimate represents only anticipated capital costs and
expenditures incurred by Northwest on behalf of Town of Dinosaur and its own behalf
for the interconnect facilities. Once a draft Facility Agreement is initiated and both
parties agree to the scope of work and facilities for which Northwest will be
responsible for designing, constructing, owning and operating, then the scope
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description and estimate will be revised accordingly by Northwest. The revised scope
and estimate will be used as the basis for the final draft of the Facility Agreement,
including the reimbursable/prepayment amount. In addition to the reimbursable
amount, Town of Dinosaur shall be responsible for the tax gross-up amount,
(calculated as a percentage of the reimbursable amount).
All direct costs are stated in 2020 dollars. As a pre-paid project, no AFUDC costs are
included. Company labor and expenses are included in the estimate for engineering,
design, project management, obtaining permits and clearances, site visit(s), material
procurement and inspection, construction supervision and other project support
activities. This cost estimate was prepared without the benefit of a site visit and
assumes construction during the normal construction season.
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Conquering Carbon

Steven Shute, PE

October 2020

Synopsis:
Climate Change is for real.
The whole planet’s climate has changed by a few degrees, and is getting warmer.

There is no credible Science to refute this. Denial is not a solution.
This is caused by burning Fossil Fuels and CO2. We are all to blame.
What steps can we take to avoid an environmental catastrophe? Mostly, we have to drastically
reduce the carbon dioxide or CO2 produced by burning fossil fuels. This 4000‐word analysis
uses the US Energy Information Agency EIA annual Sankey diagram of energy sources & uses.
The US consumes about 100 Quads of energy per year (1 Q is about 1 million tanker truckloads
of oil). In 2019, about 85% of US energy was from fossil fuels Coal‐Oil‐Gas.
What should our civilization do, now, that makes the biggest impact?
The study identifies Five Big Steps for the US in technology & funding:
1) Retiring coal‐fired power plants will save 80% wasted heat and largest CO2 source. (2.2 Q)*
2) Converting all new oil‐fueled cars & trucks to EV electric vehicles will require automakers to
expand 100x in producing EVs. (3.0 Q)
3) Retiring gas‐fired power plants will strand $ billions in plants that are fairly new. (2.6 Q)
4) Replacing all remaining oil‐fueled transports (older cars & trucks, and trains and ships) with
EVs and other technology which isn’t actually, currently available yet. (3.0 Q)
5) Industrial processes are varied and complex, and most conversion not yet feasible. (10+ Q)
These Five Big Steps will replace processes that are only 20‐25% overall efficient; will reduce
the US energy diet by 3/4ths, along with CO2 emissions. *But to achieve that, Solar & Wind
(and other technologies not yet available) must grow by 20+ Quads, from 3.8 Quads today; and
must grow quickly, cleanly and economically, which aren’t usually compatible.
As individuals, our natural gas home heating processes are 90+% efficient, and only 10% of the
US energy mix. Especially in cold climates and remote areas, these should be among the last
priorities for conversion. Until and unless the Five Steps are solved, and the technologies &
economics improve significantly for small users, Natural Gas will likely play a critical role for
several more decades.

