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Chapter1

How Pipelines Differ

Always do right. This will gratify some people and astonish the rest.

—Mark Twain

Pipelines Are Ubiquitous

In any city, in any developed country, the day begins. Families awaken
and prepare for the day. Water arrives at the sink and shower via water
pipelines. Sewage leaves via sewage pipelines. Natural gas arrives at
the stove via an interconnected natural gas network. The school bus
arrives, fueled by diesel that began as crude oil and was transported via
a network of crude oil and refined products pipelines. Parents travel to
work via public transportation or private cars, which also depend on
fuels transported by pipelines. Once at work, employees use computers
powered by electricity generated from natural gas. The natural gas is, in
turn, supplied to power plants from the natural gas pipeline grid. No one
really wants pipelines, but everyone needs them.

Energy Pipelines

Most people think pipelines are pipelines. All pipelines, whether gas,
oil, water, or sewer, obey the same laws of physics but perform unique
functions and operate differently. Put a group of oil pipeliners together
with natural gas pipeliners, or even natural gas transmission pipeliners
with natural gas local distribution pipeliners, and they might be speaking
the same language, but with different dialects. Oil and gas pipelines
(sometimes broadly referred to as energy pipelines) may look essentially
the same, obey the same laws of physics, be installed in largely the same
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Fig. 1-6. Loading a tanker at a marine export facility

Refined products pipelines

The refined products pipeline value chain begins at refineries and
ends at petroleum products terminals, collections of large tanks along the
pipeline, located near consumers (fig. 1-7).

Fig. 1-7. Refined products terminal. The storage tanks are shown on the left, and
the truck loading rack is shown on the far right.

Products move down the pipeline in batches. Sometimes the entire
flow of the pipeline is diverted into a terminal tank; at other times, only
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Some manufacturers at first refused to risk their time and money
to produce the pipelines needed for such a “foolish and unlucky thing
as gas.” Over time multiple piping materials such as lead, tinned steel,
asphalt, cement, concrete, and even wood were tried (fig. 2-5).

Fig. 2-5. Hollowed-out log used to transport gas. Note the iron bands added
to reinforce the wood.

Cast iron pipe was first used in Langensalza, Germany, around 1562,
according to the Cast Iron Soil Pipe Institute." It eventually emerged as
the material of choice for mains. Necessity continued to drive invention,
and Aaron Manby of the Horseley Iron Works discovered how to weld
longitudinal seams with machines rather than manually. This improved
manufacturing method led toreduced costs and higher quality, especially
for the smaller diameter service lines.

Lack of dependable meters meant gas volumes were sometimes
estimated and sold by contract. Gas suppliers hired inspectors, who
visited the houses of consumers and shut off the gas at the street cocks
when they found gas lights still lit after the appointed contract hour.
All sorts of disagreements arose under this lump-sum method as
gas companies experienced large losses from customers abusing the
system.'” In 1815 the gas meter and the governor, a device to regulate
pressure, were invented by Samuel Clegg, Sr."”* Metering improvements
followed as gas companies and customers sought fair means of buying
and selling gas.

The new lighting proved irresistible to consumers, and by about 1826
most major cities and towns in the United Kingdom had gas manufacturing
plants for street and factory lighting. In 1824 the Imperial Continental
Gas Association was founded by Sir Moses Montefiore and some of his
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success. Experimentation and trial and error proved the good ideas and
disposed of the bad ones.

Plastic pipe. The advent of plastic pipe, first discovered in the 1930s but
not put into large-scale use until the mid-1950s, significantly changed
distribution industry practices. After several false starts, the industry
settled on polyethylene pipe. Now more than 90% of all new distribution
mains and service lines installed around the globe are constructed of
high-density polyethylene pipe.

Trenchless installations. Boring, ground piercing, and finally horizontal
directional drilling (HDD) have reduced the cost and improved the
safety of installing mains and service pipes without trenching. Service
connections and disconnections, along with some forms of maintenance,
were much improved with keyhole and small-hole techniques.

Communications, computers, and control. Formerly, operators
read gauges and meters and then telegraphed, and later phoned, the
information into a central dispatch center. Centralized dispatchers
responded with orders, and operations were performed manually. Now,
though, communications, sensors, transmitters, and actuators handle
many of these tasks automatically and routinely. Smart meters are even
being installed at residences, reducing the need for meter readers.

Storage. Depleted gas reservoirs still provide the majority of storage, but
salt caverns are being mined to provide high-deliverability storage. LNG
storage is coming back into use, particularly at import terminals.

LNG. LNG is simply natural gas in a liquid rather than a gaseous state.
Liquefied natural gas requires about 600 times less storage space than
natural gas at standard temperature and pressure. When pipeline
transport is not economic, LNG transport by ship may be. Japan and
South Korea, for example, depend primarily on the import of LNG to
meet their natural gas needs. Once returned to the gaseous state, natural
gas can be injected into distribution systems just like natural gas that
has never been liquefied. In addition to water transport, LNG is showing
signs of coming back for storage to load balance across demand changes.

Business and regulations

The 50 years between 1950 and 2000 saw vast changes to natural gas
regulations and the natural gas transmission and distribution businesses.
Covering these changes is beyond the scope of this chapter but they are
covered in more detail later in this text.

43
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Splitting flows

Moving inside the house offers another analogy. When someone takes
a shower and someone else in the house unconscionably flushes a toilet,
some of the water previously going to the shower goes to the toilet. A
sudden reduction in water flow to the shower occurs. To the chagrin of
the showerer, sometimes the cold water flow drops more than the hot
water flow, and the shower changes momentarily to scalding (fig. 3-6).
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Fig. 3-6. Shower and toilet example. Pressures must be equal at the split.

When valves are open in more than one location, various laws of
physics redistribute flows in ways that balance pressures and flow rates.
Where the water flows split, the following equations apply:

Pressure at split = pressure at shower
+ pressure loss between shower and split

Pressure at split = pressure at toilet
+ pressure loss between toilet and split

Thatis the basic lesson in the physics of flow, but it only covers half the
fun of hydraulics. The second part consists of the laws of fluid mechanics,
most of which were developed by the great minds of the 17th, 18th, and
19th centuries. But before that comes the properties of fluids. Water has
been the example for a lot so far, and natural gas follows the same laws of
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Turbulent flow through gas pipelines happens the same way. The
inside of plastic or steel pipe may look smooth, but to molecules even
a little unevenness makes a big difference. If shoved against the side by
their neighbor, they bounce off the wall, colliding with the same or other
neighbors, jostling all around (fig. 3-14).

—_ > — _»
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Fig. 3-14. Turbulent flow profile

Most high-pressure transmission pipelines operate in turbulent flow,
but distribution lines at any time can be in laminar, transitional turbulent,
or fully turbulent flow, or not flowing at all. Which flow regimen the
line is operating in is unimportant to the consumer, but engineers
must understand the flow regimen and calculate friction loss and flow
rates accordingly.

Sir Osborne Reynolds (1842-1912) is widely credited with discovering
laminar flow around 1880. He injected dye into a stream of fluid and
found that at lower flow rates, the flow remained streamlined. At
higher velocities, the flow went from streamlined to turbulent. In 1882,
he published a paper regarding this topic and introduced a number
called, not surprisingly, the Reynolds number. Reynolds numbers are
calculated based on density, viscosity, velocity, and diameter. The size of
the Reynolds number predicts whether flow is laminar or fully turbulent.
Reynolds numbers appear prominently in pressure loss equations.

Friction loss

For most pipelines, friction loss and not elevation change is the major
factor requiring compressor stations. Friction loss is caused by the
molecules rubbing against each other and against the pipe wall. It is
affected by the following:

o Viscosity
e Density
« Velocity (a function of pipe diameter and flow rate)



