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Electric-Gas Buying Trend: 
Transformational, but with What 
Implications? By Richard Nemec, Contributing Editor

ince the middle of 2015, the CEOs of 
major electricity giants such as Duke 
Energy, Southern Co. and Dominion 
Resources have all been talking about 

transformational, strategic and sure-fired 
growth engines. And that’s just the under-
stated part before they get warmed up. Those 
engines are in reality natural gas properties, 
long an anathema to the power side of the 
energy business, but today the future looks 
different. The electrics are stocking up on 
gas buys, particularly with midstream pipes, 
looming up big time these days.

When Southern Co.’s CEO Tom Fanning 
talks about the transformation, he gets visibly 
excited, noting that the need for expanding 

natural gas infrastructure has been a familiar 
part of the industry lexicon for some time as 
an offshoot of the shale revolution that has 
produced ever-larger production of U.S. gas 
supplies and elongated periods of unusually 
low prices. He calls the increase of gas used 
for electric generation “a prime example” for 
today’s industry pivot shift. Southern, itself, 
projected gas consumption last year for its 
power plants of 1.8 Bcf/d, up 20% over the 
past three years. Its gas usage has nearly 
doubled in the last 10 years.

Early in 2016, the U.S. Energy 
Information Administration (EIA) predicted 
that natural gas would remain the dominant 
fuel for power generation all of 2016, the 

first time that has ever happened, and it is 
likely to continue in future years. Another 
factoid from the government’s storehouse 
is that new infrastructure tied to all the 
development of the Utica and Marcellus 
shale plays added over 51 Bcf/d of pipeline 
capacity during the past five years, and it is 
expected to add another 49 Bcf/d of capac-
ity in the next five years.

Convergence of electric-gas provides 
operational diversity on the electric side at a 
time when there is not much growth oppor-
tunity over there, according to Moody’s 
Investors Service analysts, Jairo Chung 
and Ryan Wobbrock. The need for growth 
on the electric side and cheap plentiful gas 
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from the fuel side are what executives like 
Fanning call the latest perfect storm.

“The convergence provides additional 
revenue growth and growth in earnings-
per-share at a time when electric utilities 
are finding it hard to grow organically,” 
said Wobbrock, an assistant vice president 
who has authored a report on the subject. 
“An electric utility automatically gets a 

huge amount of diversity by acquiring a gas 
utility, diversifying its revenue from 100% 
electric to 80% electric and 20% gas.”

While not large compared to the majors 
or mid-majors in the oil world, the deals 
stacking up amount to multi-billions of dol-
lars – Duke acquiring Piedmont Natural Gas 
Co. for $4.9 billion in cash; Virginia-based 
Dominion Resources, Inc. nabbing Utah-

based Questar Corp. for $4.4 billion; and 
Southern Co. buying Atlanta-based AGL 
Resources for $12 billion in a transaction 
that ultimately will create a utility infra-
structure rate base in excess of $50 billion. 
Fanning dubbed it “playing offense in sup-
porting America’s future.”

Long an important source of natural gas 
demand and infrastructure build out, the 
power sector will be the premier gas consum-
er in future generations, driven by climate 
change mitigation, renewable-based power 
and increasing clean power requirements.

“It certainly is an appealing avenue to 
lock in lower prices, and lock in rate base 
growth,”  Julien Dumoulin-Smith, UBS 
Securities’ director of equity research, who 
thinks regardless of ongoing court chal-
lenges, the Obama administration’s move to 
a clean power plan for the generation sector 
will persevere in some form. “Gas buys pro-
vide some vertical integration and stability 
in pricing for customers.

“The drivers are pretty consistent across a 
lot of the deals of late,” Dumoulin-Smith says. 
“We’re seeing gas acquisitions as a proxy for 
better earnings growth outlooks. The name of 
the game in the electric space is distribution, 
and distribution includes the natural gas sector.”

Distribution’s growing importance is 
what Dumoulin-Smith calls a key element 
behind many deals that have been done and 
those in the works, and it is particularly 
relevant to the Southeast where future gas 
infrastructure becomes very big in the face 

In a rare display of bipartisanship, 30 Virginia 
state lawmakers voiced support for the pro-
posed Atlantic Coast Pipeline.
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U.S. consumption of natural gas is projected to rise from 28 tril-
lion cubic feet (Tcf) in 2015 to 34 Tcf in 2040, an average increase 
of about 1% annually, according to EIA’s Annual Energy Outlook 
2016 (AEO2016) Reference case. The industrial and electric power 
sectors make up 49% and 34% of this growth, respectively, while 
consumption growth in the residential, commercial, and transporta-
tion sectors is much lower. 

Much of this growth in natural gas consumption results from 
relatively low natural gas prices. In the AEO2016 Reference case, 
average annual U.S. natural gas prices at the Henry Hub are expect-
ed to remain around or below $5 MMBtu (in 2015 dollars) through 
2040. The Henry Hub spot price averaged $2.62/MMBtu in 2015, 
the lowest annual average price since 1995. 

Prices rise through 2020 in the AEO2016 Reference case projec-
tion as natural gas demand increases, particularly for exports of 
LNG. Currently, most U.S. natural gas exports are sent to Mexico 
by pipeline, but LNG exports, including those from several facili-
ties currently built or under construction, account for most of the 
expected increases in total U.S. natural gas exports through 2020. 

of what is needed, given the region’s his-
toric heavy reliance on coal. The question 
down the line is to what extent the rise of 
solar rooftop systems can displace some 
of that gas-fired power generation market, 
Dumoulin-Smith notes without pre-judging 
the outcome. 

“That’s a real wildcard because the Southeast 
up until a few years ago was not thinking about 
solar in a big way. Now that has changed as 
states like Georgia get more involved,” he says.

When telling financial analysts about 
buying Piedmont, Duke CEO Lynn Good 
emphasized that the deal will give Duke a 

serious presence in natural gas infrastructure, 
along with bringing under the fold a com-
pany that has supplied gas to Duke’s power 
plants for many years. She emphasized the 
plan to invest heavily in new gas infrastruc-
ture, and promised at the time of the deal’s 
closing late in 2016 that more specifics on 
those plans will be outlined for stakehold-
ers. She cited growth benefits to Charlotte, 
NC-based Piedmont and strategic advantages 
to similarly headquartered Duke.

In mid-March this infrastructure hunger 
expressed itself in a rare bipartisan way 
when 30 Virginia state lawmakers collec-

tively voiced their support for the proposed 
Atlantic Coast Pipeline (ACP), calling the 
550-mile, 1.5 Bcf/d large-diameter natural 
gas transmission pipeline a major step in 
promoting their state’s economic and envi-
ronmental health. ACP is a joint venture 
between Dominion, Duke, Piedmont, and 
AGL. The 42-inch pipeline would begin in 
Harrison County, WV and travel through 
Virginia before forking into a 36-inch line 
running through North Carolina and a short-
er 20-inch line running to the Hampton 
Roads area. 

With its acquisition of Piedmont, Duke 

Industrial, Electric Power Sectors Drive Growth in US Natural Gas Use

The persistent, relatively low price of U.S. natural gas is the pri-
mary driver for increased natural gas consumption in the industrial 
sector. Energy-intensive industries and those that use natural gas as 
a feedstock, such as bulk chemicals, make up most of the increase 
in natural gas consumption. 

Low natural gas prices also support long-term consumption 
growth in the electric power sector. Natural gas use for power gen-
eration reached a record high in 2015 and is expected to be high 
in 2016 as well, likely surpassing coal on an annual average basis. 
However, a relatively steep rise in natural gas prices through 2020 
(rising 11% per year) and rapid growth in renewable generation — 
spurred by renewable tax credits that were extended in 2015 — also 
contribute to a decline in power generation fueled by natural gas 
between 2016 and 2021. 

Throughout the 2020s and 2030s, electricity generation using 
natural gas increases again. Because natural gas-fired electricity 
generation produces fewer carbon dioxide emissions than coal-fired 
generation, natural gas is expected to play a large role in compliance 
with the Clean Power Plan for existing generation from fossil fuels, 
which takes effect in 2022. The electric power sector’s total con-
sumption of natural gas from 2020 through 2030 is 6 Tcf greater in 
the AEO2016 Reference case than in a case where the Clean Power 
Plan is not implemented (No CPP). 

Natural gas use in the residential, commercial, and transportation 
sectors does not significantly contribute to growth in total natural 
gas consumption through 2040. Although natural gas use in vehicles 
grows rapidly, particularly beyond 2030, it only accounts for a small 
portion of U.S. natural gas use. Natural gas consumption through 
2040 is relatively flat in the residential and commercial sectors 
because of increased efficiency of natural gas equipment such as 
furnaces and water heaters. 

Principal contributor: Katie Dyl
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looks to triple the scale of its natural gas 
operations, according to CEO Good, noting 
these added assets include liquefied natural 
gas (LNG) peaking storage facilities and 
underground gas storage. There are “com-
pelling benefits” to this prospective mar-
riage, said Good, ticking off several of them, 
not the least of which is furnishing Duke’s 
electric juggernaut with a “strong natural 
gas infrastructure platform.”

“Abundant, low-cost natural gas increasingly 
will become part of the nation’s energy mix as 
the shift from coal to gas continues,” she told 
analysts last year in announcing the acquisition 
plans. She also mentioned the historic irony 
that Piedmont was originally formed in 1951 
by a spinoff of Duke’s gas assets. Strategically, 
the expanded Duke will be eyeing business out 
of both the Utica and Marcellus shale plays in 
Ohio and Pennsylvania.

The low-price commodity environment 
helps to subsidize the spending needs of an 
electric acquiring a gas utility. Given 2015’s 
low commodity price environment, large-
cap utilities moved in to buy mid-cap and 
small-cap gas utilities.

“The idea is acquire a [gas] company, 
spend a lot on the infrastructure and the rate-
payers are not going to feel quite the impact 
because it is being subsidized by very cheap 
natural gas prices,” said Shahariar (Shar) 
Pourreza, director, North American power/
utilities for Guggenheim Partners LLC in 
New York City. “In this country, infrastruc-
ture needs to be increased, and utilities are 
spending a whopping amount of money on 
infrastructure needs.”

An example this year comes from 
one utility in New Jersey, Public Service 
Enterprise Group (PSEG), whose execu-
tives told investors of plans for $16 billion 
in capital investments in their electric and 
gas utilities and power generation fleet over 
the next five years.

In the Dominion-Questar combination, 
Dominion CEO Tom Farrell called Utah one 
of the fastest growing states and Questar 
one of the nation’s fastest growing utilities, 
noting commitments in play for over $1 
billion in new infrastructure. This fits well 
with Dominion’s master limited partnership 
(MLP) Dominion Midstream Partners.

“While Dominion’s transmission system 
is known as a hub of the Atlantic, the 
Questar system is the hub of the Rockies,” 
Farrell told analysts when the deal was 
struck in February, noting that Utah and 
surrounding states will likely rely more in 
the future on gas-fired generation.

“We see a lot of value in hub systems,” he 
says. “Almost every pipeline going into the 
Northeast hits our pipeline system some-
where. Questar’s pipeline provides that 
same service to the Northwest and a large 
chunk of California. Almost a third of 
the gas in the western United States goes 

through this pipeline system, so we are very 
familiar with hubs.”

As with all of the recent electric-gas 
marriages, Questar brings Dominion $4.2 
billion in assets, including 27,500 miles of 
gas distribution pipelines, 3,400 miles of 
transmission pipe, and 56 Bcf of working 
gas storage, along with a regional cost-of-
service gas supply program for its utility 
customers. “We were principally attracted 
to Questar’s assets largely by the pipeline,” 
Farrell says, adding that Utah is often 
ranked as the leading state in which to do 
business.” The MLP assets were the game-
changer for Dominion, though.

“This is a pipeline that is going to have 
a lot of growth opportunities in a well-run, 
active-in-the-community, safety-conscious 
company at the utility,” said Farrell, not-
ing the acquisition takes care of added 
MLP growth for several years at Dominion 
Midstream. “The MLP now has a long run-
way of contracted, long-term gas infrastruc-
ture assets available to it with zero com-
modity price risk. There is a lot of distress 
in the midstream area these days, and this is 
a company that is not stressed.”

Moody’s Wobbrock sees some “fascinat-
ing” aspects to the Dominion-Questar combi-
nation in which Dominion is not only captur-
ing diversity by getting the natural gas distri-
bution utility in Utah, but it also adds valuable 
assets to its midstream MLP. “Part of the 
strategic rationale for Dominion is to extract 
Questar Pipeline Co. and put it into Dominion 
Midstream,” Wobbrock says. “That’s a unique 
aspect of growth for Dominion.”

His colleague at Moody’s, Chung’s latest 
analytical work is looking at how com-
panies are financing the transactions and 
credit implications. From the end of 2013 
until the end of last year, 11 of these trans-
actions took place, including two involv-
ing Canadian companies. Only two of the 
11 were done entirely with equity. “The 
rest were a mix of all debt, debt and 
equity, and some hybrid securities,” Chung 
says. Example: Nova Scotia, Canada-based 
Emera Inc. buying TECO Energy Corp. 
(gas/electric), serving U.S. utility customers 
in Florida and New Mexico in the U.S., and 
Canada-based Fortis Inc. buying Tucson, 
AZ-based UNS Energy.

“Another trend we see is that given the 
environmental shift away from coal-fired 
power, the electric utilities are looking to 
convert their coal assets to gas-fired power,” 
she says. “So for Southern and Duke having 
a direct access to low-cost natural gas assets 
complements their power assets. They are 
looking to utilize more gas and their strate-
gic thinking is that they might as well own a 
piece of that as well.” 

Guggenheim’s Pourreza is of the mind 
that any kind of energy source has environ-
mental concerns, so even if natural gas has 

those concerns, it emits only half the CO-2 
of a coal plant. “The more you diversify 
away from coal, you’re cutting CO-2 in half. 
Environmental considerations are driving 
this whole shutdown of U.S. coal assets.”

The trend carries profound implications 
for future capital investments, according to 
Pourreza. He is unequivocal in saying the gas 
asset buying spree will definitely boost cap-ex 
spending. “There are huge amounts of spend-
ing that these gas utilities will have. In fact, 
gas utilities grow faster than electric utilities 
and they always have, and they have better 
rate-recovery mechanisms than the electrics.” 

Cap-ex and financials both will be 
impacted, he says. “The cheap money that is 
out there has helped the utilities; financing 
for transactions is easier to obtain.”

What are the hidden stumbling blocks 
for all this good financial news? He doesn’t 
think growth of the utilities will be impact-
ed by economic twists and turns. “Utilities 
have been decoupled from GDP and the 
[macro] economy years ago. Utilities don’t 
grow by selling more power anymore; they 
grow by building more infrastructure and 
earning a return on that investment.” 

In the energy part of Warren Buffett’s 
Berkshire Hathaway conglomerate, BH 
Energy already has acquired $82 billion 
in assets that possess a good regional and 
functional mix of electric/gas utilities and 
pipelines in which efficiency is a hallmark. 
In his 2016, 25,000-word letter to share-
holders, Buffett said his trademark efficien-
cy is paying off big time in the energy sector 
and he expects it to be even more important 
in the years ahead. His natural gas pipeline 
revenues (Northern Natural Gas and Kern 
River companies) dropped slightly in 2015 
to just over $1 billion, but profits were still 
higher for the year ($401 million) than the 
previous year ($379 million).

The attractiveness of the gas assets comes 
in an environment that is marked by what 
Southern’s  CEO Fanning calls sustained low 
prices, a growing U.S. economy, increased 
LNG export facilities and potential impact 
from environmental regulations. However, 
he notes even with a projected century’s 
worth of cheap U.S. gas supplies, “suffi-
cient infrastructure does not currently exist 
in all regions.” That’s what drew Southern to 
AGL; Duke to Piedmont, etc., etc.

The gas additions are touted as not just a 
form of diversification and bigger profits. 
They are a platform for growth and a way to 
negotiate where climate change-driven inter-
est in efficiency and renewable energy sources 
will loom ever-larger regardless of which way 
the political winds eventually blow. P&GJ

Richard Nemec is a Los Angeles-based con-
tributing correspondent for P&GJ. He can be 
reached at: rnemec@ca.rr.com.
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ith the discovery and develop-
ment of vast domestic gas shales 
in the United States over the past 
decade, this expanding energy 

resource has led to broader appeal of natu-
ral-gas-fueled vehicles (NGVs). 

Vehicle manufacturers are increasing the 
number of their NGV offerings, and the 
natural gas refueling infrastructure in the 
nation continues to expand. This article 
focuses on measurement challenges associ-
ated with refueling NGVs with compressed 
natural gas (CNG).

Fueling Infrastructure 
As of February, the industry group 

Natural Gas Vehicles for America reported 
there was about 153,000 NGVs on U.S. 
roads, representing less than 1% of the 
total number of vehicles in the country 
(estimated to be over 250 million). At 
that time, about 50 different manufactur-
ers were producing about 100 models of 
light-, medium- and heavy-duty natural gas 
vehicles and engines.  

As of May 23, there were 915 public 
and 757 private CNG fueling stations (and 
75 public and 60 private LNG fueling sta-
tions) in the U.S. By comparison, about 
150,000 fuel stations in the U.S. sell gaso-
line, so the number of CNG stations equals 
about 1% of that. 

The number of existing CNG fueling sta-
tions is not sufficient to provide nationwide 
coverage. For CNG fueling stations, there 
are essentially two distinct configurations, 
fast-fill and slow-fill.

Fast-fill CNG stations look and operate 
much like a conventional gas station. The 
fuel dispensers are similar in form and func-

Natural Gas Vehicles:  
Accurately Measuring Tank Fills

By Edgar B. Bowles, Jr., Director - Fluids 
& Machinery Engineering Department, J. 
Christopher Buckingham, Director - Fluids 
Engineering Program and Darin L. George, 
Principal Engineer, Southwest Research 
Institute, San Antonio, TX

W
tion and it takes the same amount of time to 
fill a tank. Time-fill CNG stations typically 
fuel a vehicle directly from the compressor 
over an extended period. This approach 
allows for a smaller compressor, which 
saves on costs. The time-fill configuration 
is typically used for fleet applications with 
the vehicles returning to a central location 
for extended periods, such as with garbage 
trucks and school buses.

As NGV fueling stations become more 
numerous, Coriolis flow meters have gen-
erally become the flow element of choice 
for CNG dispensers. With these meters, 
the product being measured flows through 
vibrating tubes to deduce the mass flow 
rate. The standard quantity of measure 
for CNG dispensers is the gasoline gallon 
equivalent, or GGE (equal to 5.66 pounds 
mass of natural gas).

American Gas Association (AGA) Report 
No. 11, Measurement of Natural Gas by 
Coriolis Meter, is considered the U.S. industry 
standard for Coriolis flow metering technology. 
This report is not specific to natural gas fuel 
station metering, but applies to a broader range 
of natural gas measurement applications.

Other standards related to CNG fueling 
station measurement include (1) National Fire 
Protection Association (NFPA) 52, “Vehicular 
Gaseous Fuel Systems Code,” which lists 
compositional limits of the CNG; (2) the U.S. 
National Institute of Standards and Technology 
(NIST) Handbook 44, “Specifications, 

Tolerances, and Other 
Technical Requirements 
for Weighing and 
Measuring Devices,” 
which specifies measure-
ment tolerances for CNG 
fuel dispensers; and (3) 
the American National 
Standards Institute 
NGV 4.1-99/CSA 12.5-
M99 (R2014), “NGV 
Dispensing Systems,” 
which covers the configu-
ration of CNG fuel dis-
pensers.

Unsteady Flow 
Most fast-fill dispens-

er units include a micro-
processor to control the 
sequencing of the fueling 
station’s cascade gas stor-
age system. Because an 

NGV filling event is an unsteady process, 
the critical measurement is the totalized flow 
dispensed to the vehicle fuel tank. However, 
CNG dispenser manufacturers sometimes 
quote dispenser flow measurement accuracy 
based on the steady-state flow accuracy of 
the meter. Totalized measurement accuracy, 
if provided, typically will apply only if the 
flow rate is above a specified minimum 
threshold. Some manufacturers also state a 
value for meter repeatability.

Accurately measuring the dispensed CNG 
is difficult because the gas flow rate, pres-
sure and temperature can vary rapidly dur-
ing the filling process. Other influences on 
dispenser measurement accuracy include:
 n Flow transients caused by storage tank 

cascade switching and flow starting 
and stopping.

 n Changes in the gas composition.
 n Conversion of volumetric flow to mass 

flow, including gas quality and density 
corrections.

 n Limited flow rangeability of the meter 
for the wide range of fueling conditions.

 n Gas trapped in the fueling hose at the 
end of a fill between the meter and the 
vehicle’s fuel tank.

 n The effect of the lower density of CNG 
(compared to conventional liquid fuels 
such as gasoline and diesel) on mea-
surement techniques.

The average flow rate for a “fast-fill” of 
an NGV fuel tank can vary from 40 pounds 

Simple schematic of a CNG fast-fill fueling station.
U.S. Department of Energy Alternative Fuels Data Center

Simple schematic of a CNG time-fill fueling station.
U.S. Department of Energy Alternative Fuels Data Center

Bowles  Buckingham
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mass per minute to over 200 pounds mass per 
minute. Limitations on the fill rate are typi-
cally a function of the metering system, noise 
limits, safety concerns and cost constraints.  

Figure 1 is an example of pressure and 
flow rate transients in a typical NGV fast-
fill system having three banks of gas stor-
age reservoirs. This example comes from a 
lab test program conducted in 1997 using 
several different commercially available 
CNG dispensers from that time. For this 
example, the measured fill time covered 
the period from when the dispenser was 
started, with the dispensing nozzle already 
connected to the vehicle, until the dispenser 
indicated the fill was complete. 

The average flow rate was determined by 
dividing the dispensed amount of gas by the 
fill time. Note the peak flow rate for a full 
tank fill is typically about twice the average 
rate, which demands the flow meter respond 
accordingly to a changing rate in order to 
provide accurate measurement. The reason 
the average gas flow rate (3.5 GGE/minute) 
is typically less than the peak rate (7 GGE/
minute) is that fuel tank pressure rises dur-
ing the tank fill, while the storage reservoir 
pressure usually decreases.

Thus, the pressure difference (i.e., the 

driving force) between 
the supply reservoir 
and the vehicle tank, 
usually decreases as 
the tank filling pro-
ceeds, and the filling 
rate slows as a result.

To gain accep-
tance by the National 
Conference of 
Weights and Measures 
(NCWM), CNG dis-
pensers must meet the 
required measurement 
tolerance of ±1.5% set 
by NIST Handbook 
44. Figure 2 shows 
results for dispenser 
measurement error 
tests for three different types of CNG flow 
meters: Coriolis, rotary and Venturi. A 
weigh scale was used as the measurement 
reference. 

The dispenser measurement error was the 
percent difference between the dispensed 
mass reported by each CNG flow meter and 
the dispensed mass measured by the refer-
ence scale. The data show that for a con-
stant gas composition, all three meter types 

Figure 1: Typical changes in gas dispenser flow rate during a fast-
fill process.

provided relatively equivalent measurement 
accuracy. Accuracy did degrade, however, 
as the quantity of gas dispensed decreased, 
particularly for amounts less than 1 GGE.

CNG dispensers must also be able to 
fill the fuel tank in a way that provides full 
vehicle range but does not over-pressurize 
the tank. Because CNG is stored at a lower 
fuel density than conventional liquid fuels, 
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increase of 60° F to 90° 
F is possible for fills if 
the tank is initially less 
than half full. An algo-
rithm in the dispenser 
control system can 
compensate for CNG 
heating during the fill 
and, therefore, provide 
a more complete vehi-
cle fill.

CNG 
Compositional 
Effects

With advances in 
shale gas produc-
tion, biogas, and other 
unconventional sources 

of natural gas in the U.S., manufacturers and 
users of NGVs now have a stake in natural 
gas quality. The full effect of changing 
gas supplies on NGV performance is still 
unclear. Identifying and removing water 
from NGV gas supplies is critical because 
high moisture levels in CNG can cause vari-
ous operational problems. Variation in gas 
heating value and the effects of contami-
nants in CNG on NGV performance are less 

Figure 2: Measurement error in total fill amount for a fast-fill CNG 
dispenser.

well understood. Consequently, there is now 
a move to update quality standards for CNG 
dispensed as NGV fuel.

NGV manufacturers use two CNG qual-
ity parameters to design their engines for 
best performance. The Wobbe index or 
Wobbe number is related to CNG energy 
content and the optimum fuel-to-air ratio. 
Deviations from the optimum value of the 
fuel’s Wobbe index may result in poor 
operational and environmental performance 
by NGVs. The Wobbe index is equal to the 
higher heating value of the gas divided by 
the square root of its relative density (i.e., 
specific gravity).

 

The second quality parameter is the 
methane number (MN). This is critical to 
predicting NGV engine efficiency, just as 
the octane number is related to the effi-
ciency of gasoline engines. Fuels with lower 
methane numbers may cause performance 
problems for NGV engines due to higher 
amounts of ethane, propane, and heavier 
hydrocarbons that can cause combustion 
knocking. Different formulas are used to 
compute the methane number, but are typi-
cally defined so that pure methane has a 

storing as much CNG fuel as possible 
is critical to achieving maximum driving 
range. Electronic control systems in the 
CNG dispensers measure temperature, pres-
sure and flow to compute the proper amount 
of fuel to add to the vehicle tank. 

Accurate fill levels cannot be achieved 
unless the temperature of the gas in the 
vehicle tank is known. A gas temperature 
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methane number of 100 and pure hydrogen 
has a methane number of zero.

Even with “clean, dry” natural gas, 
changes in gas composition can affect 
engine performance. The amounts of heavi-
er hydrocarbons and diluents in CNG will 
affect both the Wobbe index and the meth-
ane number, possibly causing efficiency 
problems. In addition, if large quantities of 
heavier hydrocarbons (i.e., C7+) are present 
in CNG, they may condense out and con-
taminate the fuel system or lead to incom-
plete combustion and poor performance.

Other CNG quality concerns involve the 
refueling station equipment. To provide 
an adequate travel range, CNG is stored 
onboard NGVs in cylinders at pressures up 
to 3,600 psig. Natural gas from the local 
utility must be compressed at the refuel-
ing station (and at some stations, stored 
in pressure vessels) before it is dispensed. 
Compressor oils used in station compres-
sors may pose problems similar to conden-
sates if they enter the NGV fuel system in 
large amounts with the CNG. NGV refuel-
ing stations include a drying unit, typically 
a desiccant or a molecular sieve material, to 

remove excess water vapor from the fuel. 
If the dryer has not been regenerated or 

maintained properly, or if the station receives 
natural gas with high levels of water vapor that 
overload the dryer, a significant amount of 
moisture can pass through the station equip-
ment and into the NGV fuel tank. Excess 
water vapor has been known to collect in 
CNG tanks, and in theory, water can poten-
tially form hydrates that can block NGV fuel 
systems. For this reason, dehydration equip-
ment at refueling stations must be properly 
maintained and regularly regenerated.

There is little data in the open literature 
describing the compositional makeup of 
CNG dispensed from fueling stations in 
the U.S., or how shale gas may be affecting 
variability in the composition. The most 
recent data is from a paper presented at the 
2016 Natural Gas Sampling Technology 
Conference based on a study sponsored by 
the Coordinating Research Council.

This paper presented field test results 
from the sampling of dispensed CNG from 
23 NGV fueling stations located across 
the U.S. from December 2013 to February 
2014. The results were a “snapshot” of the 

CNG quality at each station at one point in 
time, but the analyses were more extensive 
than previously published data.

Moisture data from all 23 stations (Figure 
3) visited during the referenced project and 
compares the results to the FERC transmis-
sion pipeline tariff limit of 7 pounds of water 
vapor per million standard cubic feet (7 lbm/
MMscf) of natural gas. The fueling sta-
tions sampled were grouped by time zones 
with stations in the Pacific and Mountain 
time zones combined into a single Western 
region. Of the 23 stations tested, only two 
(both in the Eastern region) had incoming 
gas streams exceeding the FERC tariff limit. 

Station E5 received unprocessed well-
head gas and the value of 95 lbm/MMscf at 
the local gas distribution company (LDC) 
connection for that station was consis-
tent with water-saturated natural gas. By 
comparison, the CNG at the dispenser for 
station E5 contained only 2.2 lbm/MMscf 
of water vapor. The operator of Station E5 
regenerated its drying system much more 
frequently than other stations to maintain 
this low CNG moisture level.

The moisture levels at the CNG dispenser 
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tent of the incom-
ing gas, and the 
tariff limit should 
represent a typi-
cal upper limit on 
CNG moisture 
content. 

At six stations, 
the moisture level 
at the CNG dis-
penser (marked 
by the red dashed 
circles) was high-
er than the mois-
ture level at the 
LDC connection, 
and the differ-
ences were statis-
tically significant. 
Independent data 
from one station 
confirmed the 

readings of high CNG moisture content. 
This suggested an issue with the dehydra-
tion systems at these stations, although a 
review of how gas could absorb moisture 
during processing was inconclusive. Given 

nozzles were of the most interest. Four of 
the stations delivered CNG with moisture 
levels above the typical FERC tariff limit 
of 7 lbm/MMscf. While FERC limits only 
apply to pipeline gases, a working dehydra-
tion system should lower the moisture con-

these results, moisture levels may be of 
most concern to automakers that want to 
avoid issues with their fuel systems.

Figure 4 presents the methane numbers 
of the samples from each station. Since 
individual NGV engines can have unique 
performance requirements, gas interchange-
ability references and tariff documents do 
not set limits on this parameter. The CNG 
samples from station E3 had a methane 
number of 92, more than six units lower 
than samples from the other stations in the 
eastern region.

Excluding station E3, the remaining east-
ern stations presented consistent methane 
numbers ranging from about 98.5 to 102. In 
the western and central parts of the country, 
methane numbers of the CNG samples var-
ied more and ranged from about 88 to 103. 
The eastern CNG samples were the most 
consistent, and the average methane number 
across the eastern region was the highest of 
the three. Thus, NGVs traveling across the 
eastern states see the most consistent fuel 
quality and can expect the most consistent 
engine performance and least chance for 
engine knocking.

Figure 3: Measured moisture levels of incoming gas and dispensed 
CNG at stations around the U.S.
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Overall, the survey findings suggest 
moisture was not controlled adequately at 
a significant number of CNG stations. At 
one station, this was confirmed by instru-
ments at the station itself. The high moisture 
levels in the dispensed CNG may be related 
to poor maintenance or poor design of dehy-
dration equipment.

Liquid samples indicated that trace 
amounts of heavy hydrocarbons, such as 
compressor oils, were also being carried 
by the CNG. Except for moisture lev-
els, CNG properties generally fell within 
typical pipeline tariff limits and the Natural 
Gas Council+ (NGC+) recommended inter-
changeability limits. Pipeline gas may devi-

ate from tariff limits 
for a few days at a 
time, but it is pos-
sible that CNG stor-
age may even out 
these fluctuations.

To help ensure 
acceptable qual-
ity CNG is deliv-
ered to customers, 
efforts began in 
early 2016 by the 
American Society 
of Testing and 
Materials (ASTM) 
International D03 
Committee on 

Gaseous Fuels to develop a new stan-
dard entitled, “New Specification for 
Compressed (CNG) and Liquid Natural 
Gas (LNG) Used as a Motor Vehicle Fuel.” 
The standard is being created in parallel 
with a revision to the Society of Automotive 
Engineers International (SAE) J1616, 
entitled “Recommended Practice for Com-
pressed Natural Gas Vehicle Fuel” and 
issued in May 2016.

CNG Dispenser Calibration
A CNG dispenser’s flow meter should be 

calibrated periodically. The interval between 
calibrations is usually specified by the gov-
ernmental authority responsible for regulat-

ing the dispensers in a given geographic area. 
The NIST Examination Procedure 

Outline (EPO) No. 28, entitled “Compressed 
Natural Gas (CNG) Retail Motor-Fuel 
Dispensers,” is an excellent reference for 
guidance on calibrations of CNG dispens-
ers. It is noteworthy that the Fundamental 
Considerations of NIST Handbook 44 states 
it is necessary to limit the total error in a 
measurement standard used without cor-
rections to less than one-third of the toler-
ance applied to the device under test. For 
example, if applying the Handbook 44 
acceptance tolerance of 1.5% to a CNG 
dispenser, the test standard must be accurate 
to at least 0.5%, which can be a challenge.

Conclusion
Detailed information on methods used to 

measure flow from CNG fuel dispensers is 
provided herein, as are tips for ensuring mea-
surement accuracy. Information is also provid-
ed on the variation in compositional makeup 
of natural gas delivered for NGV applications. 

It is demonstrated how natural gas qual-
ity varies from region to region in the U.S., 
particularly when the gas is produced from 
the various shale plays. NGV performance 
can vary as a function of the gas quality, 
hence, guidance is provided on ways that 
CNG fueling stations can help deal with 
variations in gas composition. P&GJ

Figure 4: Methane numbers of CNG samples collected in the U.S.

Darin L. George, a principal engineer 
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Award given by the International School 
of Hydrocarbon Measurement (ISHM). He 
was honored at a ceremony held May 10 in 
Oklahoma City.  

The annual acknowledgement recog-
nizes an outstanding individual for making 
significant contributions to hydrocarbon 
measurement or control. The award is 
given in memory of Laurance S. Reid, a 
petroleum industry consultant and long-
time professor of chemical and petroleum 
engineering at the University of Oklahoma. 
Reid, who died in 1986, served as chair-
man of the ISHM Executive Committee.

“We are very proud of the contributions 
that Darin has made to the natural gas 
measurement research community,” said 

Danny Deffenbaugh, vice president of 
SwRI’s Mechanical Engineering Division. 
“Many of the current measurement prac-
tices and procedures have been influenced 
by Darin’s research, and these findings 
have been critical to the development of 
various industry standards.”  

Since 2001, George has taught ISHM 
courses in natural gas sampling, hydro-
carbon dew points, and the effects of 
water vapor on natural gas energy content. 
In 2007, he received ISHM’s Memorial 
Award for his paper on reducing uncertain-
ty in gas quality measurements. George, a 
recognized expert on natural gas quality 
and natural gas sampling, has over 20 years 
of experience in research related to the 
measurement of gas and multiphase flows. 

At SwRI, he has conducted research 
to improve natural gas quality assessment 
using gas chromatography, and the accu-

rate prediction and 
measurement of 
hydrocarbon dew 
points, along with 
other natural gas 
quality measures. 
Much of George’s 
research at SwRI 
has been used to 
develop American Petroleum Institute (API) 
standards for natural gas sampling practices 
and gas chromatograph evaluation. 

George serves on several API working 
groups that are developing and revising 
industry standards. He holds bachelor’s 
and master’s degrees in nuclear engineer-
ing from Kansas State University and a 
doctorate in mechanical engineering from 
the University of Michigan. n 
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atural gas liquid (NGL) streams 
consist of mixtures of hydrocarbons 
including ethane, propane, butane, 
pentane and natural gasoline. NGL 

is sometimes referred to as y-grade. The 
American Petroleum Institute (API) Manual 
of Petroleum Measurement Standards 
(MPMS) Chapter 14, Section 7 provides 
guidance on the mass measurement of NGL. 
Mass measurement techniques are applied 
to NGL to avoid measurement errors that 
are caused by the solution mixing within the 
NGL stream.

Mass measurement can be achieved by 
direct measurement with a Coriolis flow 
meter or inferred by multiplying a volumet-
ric flow rate times flowing density. There are 
important advantages to be aware of with 
direct mass measurement for NGL streams.

Individual components in an NGL stream 
are bought and sold on a volumetric basis. 
There is a simple process to convert the 
measured mass of the combined NGL 
stream into the standard volumes of each 
individual component for this purpose. 

Solution Mixing
NGL solution mixing results when different-

sized molecules flow together in an NGL 
stream. Smaller molecules fit within voids 
in the structure of larger molecules. An anal-
ogy can be made to mixing sand and marbles. 
Mixing one barrel of sand and one barrel of 
marbles yields less than two barrels of mixture 
(Figure 1). This happens because the sand fills 
the spaces around the marbles that were empty 
when the marbles and sand were separate. 

Simultaneously varying the NGL stream 
composition, temperature and pressure makes 
it impossible to predict the resulting volume 
of the hydrocarbon mixture. It is not possible 
to apply temperature and pressure volume 
correction factors from API MPMS Chapter 
11 on NGL streams for this reason. An NGL 
stream’s measured mass is the only pos-
sible accurate measurement of true quantity 
because mass is independent of composition, 
temperature, pressure and solution mixing.

NGL: Direct and Inferred Mass
By Dean Minehart, Micro Motion, Inc.

N Mass, volume and density are related: 
Mass – volume x density
Volume – mass/density
Density – mass/volume
Mass can be measured directly using 

a Coriolis flow meter or inferred by 
measuring volume and density at flowing 
conditions.

Dividing mass by density at flowing condi-
tions yields indicated volume. Volume at stan-
dard conditions can be determined by dividing 
mass by the density at standard conditions. 

Direct Measurement
Direct mass measurement is achieved by 

using a Coriolis flow meter and program-
ming the transmitter to output pulses per unit 
mass (pulses per pound). Coriolis flow meter 
installations should follow the guidance pro-
vided in API MPMS Chapter 5, Section 6. 

API MPMS Chapter 14, Section 7 provides 
an equation for direct mass measurement:

Qm = ImmxMFm
Where:
Qm = mass flow 
Imm –  indicated Coriolis meter mass
MFm – meter factor for Coriolis meter mass

The direct mass equation includes only 
two terms. Direct mass meters require that 
a mass meter factor be derived by mass 
proving. This requires 
the addition of an online 
density measurement at 
prover conditions (prover 
volume x density — mass) 
if a volume prover is used. 

Inferred 
Measurement

Inferred mass mea-
surement is achieved by 
using a volumetric flow 
meter in conjunction 
with an online density 
measurement at flowing 
conditions. Volumetric 
flow meters should be installed with 
guidance from an appropriate section 
of the API MPMS Chapter 5, depending 
on the meter technology selected (such 
as API MPMS Chapter 5, Section 3 for 
turbines).

API MPMS Chapter 14, Section 7 provides 

an equation for inferred mass measurement:
Qm = IV x MFv xrf x DMF
Where:
QM = mass flow
IV = indicated meter volume at 

operating conditions
MFv = volumetric meter factor
rf = observed density at operating 

conditions
DMF = density meter factor
The inferred mass measurement calcula-

tion has two additional terms for a flowing 
density and a density meter factor. Inferred 
mass density measurement guidance is pro-
vided by API MPMS Chapter 14, Section 6 
(this document will be superseded by API 
MPMS Chapter 9, Section 4 in the near 
future). Because of their size and limited 
flow rate capacity, density meters (Figure 2) 
are generally installed in a bypass loop from 
the main flow line. 

Maintaining conditions (such as pressure, 
temperature and composition) of the sample 
flowing through the density bypass loop such 
that the sample density is representative of the 
product flowing through the volumetric (duty) 
flow meter can be a challenge. Differences 
in process conditions between the duty flow 
meter and the density meter will result in addi-
tional mass measurement errors that do not 
exist in a direct mass measurement system.

Figure 2

Density Measurement
Density measurement is required on a vol-

ume prover for direct mass proving. Density 
meters are often placed on a piston prover’s Mass/Volume/Density 
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outlet across a valve or other restriction to 
create flow through the density loop. Inferred 
mass measurement systems have a continu-
ous density measurement loop.

Density loops should include pressure 
(P) and temperature (T) measurements at 
the density meter (DT) and pycnometer 
(PYC) outlets in order to ensure equal pro-
cess conditions when a pycnometer sample 
is pulled. Regardless of where a density 
loop is located, a density meter factor is 
required. API MPMS Chapter 14, Section 
6 provides guidance on calibrating density 

meters against a pycnometer.
A flow-weighted, proportional fluid 

sample is collected during the measure-
ment interval. The sample pressure must be 
maintained above the fluid vapor pressure 
in order to prevent liquid-vapor separation 
from occurring in the sample container 
or the composition of the sample will no 
longer be representative of the flow stream. 
The fluid samples are then analyzed by gas 
chromatography in order to determine the 
weight fraction of each component in the 

fluid stream at the time the total mass mea-
surement was made.

Online Analysis
Many operating companies have adopted 

online fluid analysis using gas chromato-
graphs installed near the mass measure-
ment system. A gas chromatograph (GC) 
measures the flowing fluid composition and 
provides compositional data to a flow com-
puter. Online analysis is used to eliminate 
a need for handling and processing man-

BUILDING 
INFRASTRUCTURE; 
BUILDING 
RELATIONSHIPS

mnlimited.com

Core services you need. Core values you 
can depend on. That’s Minnesota Limited. 
Where transmission pipeline construction 
and maintenance services are backed 
by our Core Values: Safety, Quality, 
Commitment, and Reputation.



www.pgjonline.com |  39

ual samples. Gas Processors Association 
Standards GPA 2261 and GPA 2177 provide 
some guidance on GC NGL measurement 
applications. 

The API MPMS Chapter 14, Section 
4 provides guidance for converting NGL 
mass quantities to equivalent volumes. NGL 
samples obtained during the measurement 
period are analyzed to determine the weight 
fraction of each stream component or mea-
sured in real time via an online gas chro-
matograph (GC). 

The weight fraction of each component 
is multiplied by the total NGL mass which 
yields the individual mass quantities of 

each component. Dividing each component 
mass by the density at standard conditions 
that is published for each pure component 
provides the standard volume at reference 
conditions of each NGL stream component. 
Table 1 shows a mass-to-volume conversion 
of an NGL stream.

Conclusion
Mass measurement techniques are used 

extremely effectively to measure NGL. 
Solution mixing makes predicting NGL 
volumes impossible under varying compo-
sition, pressure and temperature. Several 
sections of the API MPMS provide guid-
ance for the mass measurement of NGL.

NGL mass can be measured directly 
with Coriolis flow meters. Inferred mass 
can be determined by multiplying a volu-
metric flow meter volume times density. 
Direct mass measurement systems have 
the distinct advantage of not needing 
online continuous line density measure-
ment during the measurement interval.  

NGL mass is converted to the individu-
al component volumes by determining the 
mass of each component from the GC analy-
sis and dividing by the density of each pure 
fluid at standard reference conditions. P&GJ
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il prices are measured in 42-gallon 
barrels. The history of this tradition 
dates back to 1866, soon after Edwin 
Drake drilled the first oil well in the 

United States in Titusville, PA in 1859. In 
1866, a group of independent oil producers 
met in Titusville and decided that the 42-gal-
lon barrel was the best way to transport oil. At 
that time, barges floated barrels of oil down 
the Allegheny River to Pittsburgh on the way 
to be refined into kerosene. The adoption of 
this standard for oil measurement stuck, and 
today oil is still measured in 42-gallon barrels.

The most fundamental determinant of 
oil prices is supply and demand. When the 
demand for oil exceeds supply, oil prices 
tend to rise, or to remain high, on a relative 
basis. When supply exceeds demand, how-
ever, oil prices tend to decline, or remain 
low, on a relative basis.

Of course, there are many other factors that 
influence the price of oil in addition to the 
balance of supply and demand. These include 
currency fluctuations, sudden disruptions in 
major sources of supply, political factors, bad 
weather, such as hurricanes and disasters such 
as oil spills. All of these factors can cause oil 
prices to spike or plummet on a temporary 
basis. Usually, though, these effects are tem-
porary and oil returns to the price dictated by 
the balance of supply and demand.

3 Benchmark Oils
Before exploring the effects of supply and 

demand on today’s oil markets, it is worth 
looking at what is meant by “the price of 
oil.” While there are many types of oil, three 
types have become benchmarks for the oil 
markets. These are West Texas Intermediate 
(WTI), Brent and Dubai/Oman.

WTI is traded on the New York Mercantile 
Exchange. It is composed of oil extracted in 
the United States, mainly from fields in 
Texas, North Dakota and Louisiana. WTI is 
light and sweet and has a low sulfur content. 
WTI is transported via pipeline to Cushing, 
OK where it is refined.

Brent crude oil is mainly extracted from 
four oil fields in the North Sea: Brent blend, 
Forties blend, Osberg and Ekofisk. While it 
is considered to be both light and sweet, it is 
slightly heavier than WTI. Brent futures are 
traded on the ICE Futures Europe in London.

Dubai/Oman oil refers to a “basket” of oils 
from Dubai, Oman and Abu Dhabi. It is heavi-
er than WTI and Brent oil, and is slightly 
sour. Dubai/Oman oil has been traded on the 
Dubai Mercantile Exchange since 2007 and has 
become a benchmark for oil shipped to Asia.

It should be clear that the per-barrel price 
of WTI crude oil remained mostly between 
$80-100 from Jan. 3, 2011 until August 2014 
when it began a steady decline from the $100 
level, down to the range of $30 per barrel. 
While some of the fluctuations were due 
to the Arab Spring uprising, hurricanes in 
Louisiana and to other events that temporar-
ily affected oil prices, the fluctuation mainly 
reflected a supply-and-demand story. 

World oil supply vs. consumption from 
January 2012 to March 2016
(MMbpd)

Note for most of the time prior to August 
2014, the red line is above the blue line, 
meaning that demand exceeded supply dur-
ing most of this time. Beginning in August 
2014, the blue “total supply” line exceeds 
the red “total consumption” line, meaning 
supply then began to outpace consumption. 
But this is exactly the time when oil prices 
began to decline.

This is seen more clearly by comparing the 
actual numbers from July 2014 to March 2016.

In July 2014, 
world oil demand 
exceeded supply by 
0.18 MMbpd. Then 
in August 2014, oil 
supply exceeded 
demand by 0.86 
MMbpd. Since then, 
world oil supply has 
exceeded demand 
and oil prices 
declined from $98 
to the $30 range. In 
March 2016, world 
oil supply exceeded 
demand by 1.45 
MMbpd.

Who’s Producing All This Oil?
Of course there are other factors 

involved in oil prices besides the supply/
demand equation. But there does appear 
to be a pretty close correlation between 
oil prices and the balance of supply and 
demand. So who is producing all this oil? 
And if there is a reduction in supply, will 
this bring oil prices back to a level where 
it is profitable to drill in more locations 
once again?

Let’s study world oil supply through the 
prism of OPEC (Organization of Petroleum 
Exporting Countries) and other non-OECD 
(Organization for Economic Cooperation 
and Development) countries, and the 
OECD countries.

OPEC
Formed in September 1960 at the 

Baghdad Conference, OPEC’s found-
ing members were Iran, Iraq, Kuwait, 
Venezuela and Saudi Arabia. Eight 
other countries, including Nigeria and 
Algeria, joined OPEC later. One purpose 
of OPEC has been to influence oil prices 
by controlling production, thereby keep-
ing prices at a desirable level. This has 
changed recently beginning in November 
2014 when OPEC declined to cut pro-
duction to prevent oil prices from com-
ing down further after the decline began 
in August 2014. 

OPEC, led by Saudi Arabia, has stood 
firm since then, maintaining or increasing 
production levels. As a result, oil prices 
continued to decline to the range of $30 in 
February 2016.

OECD
Founded in December 1960 by 20 coun-

What Lies Ahead for Oil Prices
Jesse Yoder, Founder, Flow Research, Inc., Wakefield, MA

O

Source: EIA

Price of WTI January 2011 to May 2016
(Dollars per barrel)

Source: Energy Information Administration (EIA)
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tries committed to democratic govern-
ment and a market economy, OECD has 
since added 10 additional member nations. 
Some of the more prominent members 
include the United States, Germany, the 
UK, France, Australia and Japan.

World oil supply and demand July 2014 to March 2016 (MMbpd) China. Neither of these countries or regions 
are part of OPEC. An assortment of other 
countries comprise the remainder. 

Looking closely at non-OECD supply 
in 2015 and 2016, it becomes clearer what 
constitutes the non-OECD portion of the 
total world petroleum supply. 

The crude oil production for the United 
States in January was 9.18 MMbpd, putting 
it about 800,000 bpd behind Saudi Arabia, 
according to EIA data. Most analysts attri-
bute the increase in U.S. production to the 
advent of shale oil technology. Through the 
process of hydraulic fracturing, it is pos-
sible to obtain oil from wells that were once 
thought to be “dry,” or non-productive.  

This process has significantly increased 
the total crude oil from the U.S. and other 
countries. Fracking has become controver-
sial, due to its environmental effects, which 
are still being studied. Even so, the advent 
of the technology of fracking is a major rea-
son for the increase in oil supply, and for the 
imbalance of supply and demand.

Will Oil Prices Rise?
One of the countries hurt worst by low 

oil prices is Russia. Russia is not part 

Though OPEC accounts for the larg-
est portion of the non-OECD supply, this 
amount includes other countries besides the 
13 members of OPEC. The second-largest 
contributor to non-OECD supply is produc-
tion from the Former Soviet Union and from 
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of OPEC, but is a major oil producer 
that relies heavily on oil revenues for its 
income. Russia’s economy shrank by 7% in 
2015, due in part to lost oil revenues from 
lower oil prices. According to President 
Putin, his country calculated its 2016 bud-
get based on $50 oil. Oil prices dropped 
below $50 in July 2015, and continued to 
decline until recently.

In late January, Russia’s Energy 
Minister Alexander Novak claimed Saudi 
Arabia proposed a global production 
cut of up to 5%. He said Russia would 
be willing to discuss the idea, which 
would presumably involve an extraor-
dinary meeting of OPEC members. Oil 
prices rose by as much as $5 per barrel 
to $34 in late January and early February, 
based on comments from Russia. The 
remarks appear to have been a case of 
“jaw-boning” by the Russian minister, 
since OPEC officials denied any plans 
for an emergency meeting. Oil prices fell 
again once it appeared no meetings were 
in fact planned.

Output Freeze Discussed
Despite the lack of credibility of Russia’s 

Crude oil production by OPEC countries in January 2016 (Thousand/bpd)

initial remarks about a cut in production, the 
comments seem to have served the purpose 
of getting some of the major oil produc-
ers to start discussing the topic of high oil 
prices and what can be done about them.

In mid-February, four large oil pro-
ducers, Saudi Arabia, Qatar, Russia, 
and Venezuela, met in Doha, Qatar and 
agreed to freeze production at January 
levels if other countries would go along. 
Qatar holds the rotating presidency of 
OPEC. Kuwait later joined the agree-
ment which Iran blasted as a “joke.” 
Iran is ramping up production, now that 
international sanctions have been lifted 
and is expected to increase its output to 
3.6 MMbpd by mid-2016. At the same 
time, Saudi Arabia has reiterated it has 
no plans to cut production.

The discussion of a freeze did seem to 
have a short-term effect on oil prices. In 
March, prices briefly topped $40, while in 
April 2016, prices were above $40 much of 
the month. But this may have more to do 
with the slow decrease in supply along with 
some increase in demand.

There were also some unexpected sup-
ply disruptions during this time. Even 

a drop of 500,000 bpd can have a sig-
nificant effect. The EIA forecasts world 
petroleum production will increase by 
over 400,000 bpd in 2016. At the same 
time, the organization is forecasting 
demand will increase over 1.2 MMbpd 
during 2016. This would result in a 
change from a 2015 surplus of supply 
over demand of 1.8 MMbpd to a surplus 
of just over 1 MMbpd in 2016. This 
difference alone should have a positive 
effect on oil prices (see table “Global 
Petroleum and Other Liquids”).

In March there was discussion of a meet-
ing of the major oil producers between 
March 20 and April 1 to be led by Russia 
and Saudi Arabia. Iran’s lack of interest in a 
production freeze delayed the meeting and 
it did not occur.

On March 16, the Qatari minister 
announced there would be an April 17 
meeting in Doha, Qatar of major oil 
producers. It was held as scheduled and 
involved 18 oil-producing countries. 
Chief among these were Saudi Arabia, 
Russia, Qatar, Oman and other OPEC 
countries. After 12 hours, the countries 
could not agree on a freeze. The chief 
stumbling block appears to have been 
Saudi Arabia’s insistence that Iran join 
such an agreement. Iran, which did not 
attend the April 17 meeting, is deter-
mined to bring its oil production back to 
pre-sanction levels before it is willing to 
discuss or implement a freeze. 

Prior to the meeting, WTI was selling 
for just above $40. While oil initially sold 
off by several dollars after the collapse 
of the potential agreement, it rebounded, 
closing above $40 on April 19. Since then, 
the price of oil has mostly been in the 
$40-45 range.

While a freeze agreement would have 
lent some stability to the markets, it is 
doubtful that it would have had a major 
effect on oil prices. A freeze at January 
2016 levels, while an important psycho-
logical effect, is not the same as a cut in 
production. Saudi Arabia, most impor-
tantly, remains unwilling to cut production, 
although it has maintained production at a 
fairly constant level. 

It seems the markets are doing the job 
of narrowing the gap between supply and 
demand, along with occasional supply dis-
ruptions. This should prevent oil prices 
from falling below $30. In reality, it seems 
likely prices will increase to the $55 range 
by September. 

Effect on Flowmeter Markets
In March and April, Flow Research sur-

veyed the main manufacturers of Coriolis, 
magnetic, ultrasonic, vortex and thermal 
flowmeters. The results for these five new-

Crude oil production by OPEC countries in January 2016 (Thousand/bpd)
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technology flowmeter markets indicated 
that only the magnetic flowmeter market 
showed an increase in 2015 from 2014, and 
this was its smallest increase in 10 years.

The other four markets declined in 2015 
compared to 2014 in the range of 1-7%. 
This was primarily caused by declines in 
investments by oil and gas producers, espe-
cially for exploration and production.

For a full discussion of this subject, see 
Flow Research’s fourth-quarter 2015/first-
quarter 2016 Market Barometer at www.
worldflow.com.

What Lies Ahead
According to EIA forecasts, the rough-

ly 1.8 MMbpd that world supply exceeded 
demand by in 2015 will narrow to about 
1 MMbpd in 2016, and narrow further 
to 0.37 MMbpd in 2017. This will likely 
cause prices to rise gradually. A slow, 
steady increase of this type will eventu-
ally be seen as a sign of stability in the 
oil markets, and should encourage oil and 
natural gas companies to increase their 
E&P investments.

P&GJ

Author: Jesse Yoder, an internationally rec-
ognized expert in metering research, is a con-
tributing editor to Pipeline & Gas Journal. He 
leads Flow Research, Inc., Wakefield, MA, and 
can be reached at jesse@flowresearch.com.
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ustody transfer measurement in the 
petroleum industry has been described 
many ways. It’s been called “an accu-
racy in measurement both the buyers 

and sellers can agree upon,” or sometimes 
described as “the best that can be achieved to 
meet the contract conditions.” There are many 
other descriptions as well. But in reality it is 
simply “the search for the truth.” 

Ever since liquids have been bought and sold, 
people have searched for better ways to measure 
volume on the fly with increased accuracy. A 
big advancement for liquid measurement in the 
petroleum industry was the pipe prover. For a 
bidirectional pipe prover, API requires a repeat-
ability on the prover volume at water draw of 
0.02%. This is in comparison to a standard such 
as NIST traceable Seraphin Cans. 

If we want to put 0.02% into perspective that 
is 6.45 teaspoons or a little more than 2 table-

spoons of liquid in one 42-gallon barrel. That is 
good measurement and a worst-case scenario. 
But we all strive to exceed the 0.02% required 
by API because we know and understand the 
value of increased accuracy. This better accu-
racy is achieved by the Patented SCS Prover®.

A good example of a “time-honored tradi-
tion” is saying we are using a meter rover to 
prove the meter. In reality what we are doing 
is proving the measurement system. We 
compare the standard volume of the prover 
corrected by the prover temperature, pressure 
and density to the standard volume measured 
by the meter corrected for temperature, pres-
sure, density and the calculations used to 
produce these numbers. What we are doing is 
“proving the measurement system.” But we 
do not call it that? No, but we should.

Then there are times when we are trying 
to solve a problem, but we are controlled 

by company and industry standards, and, of 
course, the “This is how we have always done 
it” rule. Still, sometimes when we are faced 
with a problem we need to solve it outside 
these conventions. An example of this is what 
occurred during development of the straight 
calibrated section bidirectional pipe prover. 

Welker Flow Measurement Systems 
(WMFS) found that by making the calibrated 
section straight, tipping the horizontal launch-
ers, sizing the launchers properly and placing 
the pressure and temperature transmitters cor-
rectly, workers were able to greatly improve 
the repeatability and serviceability of the 
conventional bidirectional pipe prover. 

Process conditions for both the pressure 
and temperature transmitters should be con-
sidered thoroughly. Are they needed on the 
inlet and outlet of a prover when the inlet 
transmitter is close to the meter transmitter? 

Different Perspective on Custody 
Transfer Measurement
By Daniel J. Rudroff, Vice President/Chief Operations Officer, WFMS Inc., Sugar Land, TX
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Is the error caused by the transmitter’s error 
band greater than the possible difference 
caused by using only one transmitter? 

The pressure drop from the meter transmitter 
to the inlet of the prover needs to be calculated. 
If it is lower than the possible difference in two 
transmitters then only one transmitter can be 
used. For example, it takes about 25 feet of 
pipe at full flow on an 8-inch pipe to cause a 
pressure drop of 0.3 psi, which is within the two 
transmitters’ possible difference.

Transmitter Specifications
The possible difference in two temperature 

transmitters could be 0.52°F. Under typical 
conditions it would take over 200 feet of pipe 
to cause a temperature drop of 0.26°F. Would 
it be advisable to use two transmitters if the 
distance of the pipe between the transmitters 
is less than 100 feet? Probably not. 

Finding good, true elbows to go in the cali-
brated section, especially in the larger sizes, 
is difficult. To avoid this problem WMFS 
designed a prover with a straight calibrat-
ed section with the elbows in the pre-run. 
This improved repeatability and led to other 
improvements like eliminating machined 
flanges, making maintenance easier and eas-
ing the ability to tip the launchers.

There are no alignment flanges in the 
calibrated section. Alignment flanges are 
expensive and machining on the flange or 
installing pins reduces the integrity of the 
alignment flange and, therefore, the piping 
system. Flanges in the pre-run are aligned 
using shoulder bolts that are about the same 
diameter as the flange bolt holes. Not having 
to cut or drill a flange is a safety improvement. 

There are no elbows in the calibrated sec-
tion. Elbows cause a pressure and flow change 
as the ball moves through the elbow, and there 
can be loss of fluid if the elbow is not perfectly 
formed in the inside diameter. Because the ball 
doesn’t have to go through elbows as it passes 
from switch to switch, less inflation of the ball 
is required, making for better water draws and 
better proves with less pressure drop. 

The calibrated section can be rolled out 
and inspected without another water draw 
because no flanges are broken in the cali-
brated section. This is a cost savings both in 
time and water draw cost. 

It is ideal for Coriolis and ultrasonic liquid 
meters with manufactured pulses because the 
flow before and in the calibrated section is not 
disrupted by the ball passing through elbows, 
welds or flange sets. Because the ball can be 
inflated less, it passes smoothly between the 
detectors, not disturbing the flow. 

Since the flow through the calibrated sec-
tion is smooth, the pulses from conventional 
PD and turbines will be more evenly spaced, 
giving better results, especially when pulse 
interpolation is used. 

The sphere in a SCS prover does not have to 
be over-inflated to compensate for irregulari-

ties in elbows and flanges. The higher inflation 
of the sphere, the higher the drag on the pipe 
walls, which increases wear on the sphere.

Water draw repeatability of 0.005% is com-
mon with the straight calibrated section prover. 
This, of course, also reduces overall uncertainty.

Better Reliability
Wear and tear on equipment is caused 

by the stress put on the equipment - less 
stress, less wear. Reducing the drag on the 
prover sphere as it moves through the prover 
reduces the wear on the ball and the coating 
inside the prover. That means longer ball 
life and longer prover barrel life, requiring 
less maintenance and repair.

There are several manufacturers of sphere 

detector switches, all of which are very good. 
The API Manual of Petroleum Standards, 
Chapter 4, “Proving Systems Section 2 - 
Displacement Provers Appendix A” gives a 
mathematical explanation of sphere position 
repeatability. Naturally the rounder the ball 
the more precise the detector contact will be. 
Detector switches are normally repeatable to 
within 0.002 inch. However, the repeatability 
of the switches and the required volume are 
not the only things that affect the calibrated 
volume of the calibrated section. 

Fluid leaking around the detector switch 
opening is one. There has been discussion 
about the prover sphere’s ability to seal off 
the opening that the detector switch sticks 
through as the sphere passes underneath. If 
the ball does not seal off the opening, fluid 
will bypass the opening and the prover will 
lose repeatability, or it may not prove at all.

Since the sphere in an SCS prover is inflat-
ed less than a sphere in a conventional prover, 
there must be a way to prove the inflation will 
create enough sphere to calibrated contact 
length to seal off the detector switch opening.

By reducing inflation on the sphere, the 
spheres will be rounder, last longer and the 
prover will not have to be opened to replace 
or check the sphere as often. Building the 
launchers so the spheres are not damaged 
when they enter the launchers also reduces 
the number of times the prover needs to be 
opened to replace a damaged sphere. 
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The less the sphere has to be inflated, the 
less likely the sphere has to distort or wear 
as it moves through the pipe. And, of course, 
it causes less drop in pressure. It takes about 
80 psi to inflate a 30-inch sphere to 3% over-

size. If the same sphere 
is inflated to 1%, only 30 
psi is required. Less pres-
sure in the sphere means 
less stress on the ball and 
less friction as the sphere 
passes through the prover 
pipe. Friction between 
the sphere and the pipe 
causes wear. One percent 
over size provides more 
than a 4-inch-wide contact 
area on the pipe, using 
a 30-inch sphere. Less 
inflation reduces the drag 
on the ball, so less pres-
sure is required to move 
the ball smoothly in the 
prover pipe. 

To go forward, we need to know if the 
sphere seals off as it passes under the detec-
tor switch opening. Fortunately, this is easy 
to determine at water draw. Before a water 
draw we can follow procedures to ensure 
there is no leakage around the sphere at the 
detector switch opening.

We need to know the exact diameter of 
the detector switch opening. It must be 
drilled, not torch cut. Normally the detector 
switch hole is 0.875 inch or 7/8 inch.

Place a pressure switch in the line between 
the calibrated section and the drain valve. 
Set the pump used to circulate the sphere 
at water draw to 20-25 gpm by pinching 
down on the discharge that runs back into 
the return tank. This equalizes the pressure 
on both sides of the sphere and in the drain. 
Open the drain to let out about 10 gpm so 
pressure will be held upstream of the switch 
to keep it in position. Forty gpm is going 
into the drain on the water draw trailer and 
about 10 gpm is coming out the drain. 

When the sphere passes over the entire 
drain hole, the drain is shut off, pressure drops 
on the pressure switch and the switch directs 
the flow into a water draw or another clean 
can via the three-way solenoid. When the ball 
starts to move past the drain hole, the pressure 
on the switch goes up and the switch changes 
position. The solenoid switches and water 
stops running into the clean can.

The water in the can is measured to 
determine volume. This volume, converted 
to length in the ID of the prover, plus the 
diameter of the detector switch opening, 
(think about it), is the contact length of the 
sphere. You can do this test with any prover.

This test not only determines the sphere 
contact length but also verifies that the detector 
switch hole is completely covered and there is a 
seal over the detector switch hole as the sphere 
passes underneath the detector switch.

For a quick way to verify the sphere seals 
off the Detector Switch Opening, fill the 
prover with water and launch the sphere but 
do not run it all the way to the detector. 

Remove the first switch and move the 
sphere toward the switch opening. When the 
sphere is under the detector switch plunger 
opening hole, the flow will be shut off and 
there will be no more flow. This is proof that 
the switch hole is covered. If water contin-
ues to flow when the ball is under the switch 
plunger opening, the sphere needs more 
inflation. Care must be taken to not add 
too much pressure to the sphere seal area. 
Only enough pressure to move the sphere is 
needed, similar to the pressure required to 
move the sphere during a water draw.

Procedure to determine the sphere contact 
length to ensure sealing.
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Launching Chambers
Sphere-launching chambers can be either 

horizontal or vertical. Each has advantages 
and disadvantages. The vertical launchers 
made the sphere difficult to install and 
remove. A huge disadvantage of a horizon-
tal launching chamber is the ramp in the 
launchers keeping the sphere close to the 
prover pipe so it will launch. It also has 
to be perfectly horizontal so that no air is 
trapped on one end of the launcher. And 
the prover has to be completely drained for 
sphere removal and maintenance. By tipping 
the entire launching chamber minimum 2 

degrees, the angle 
of a typical ramp, 
these disadvantag-
es are avoided.

Sizing Launching Chambers
The rule of thumb for prover launchers 

has been two pipe sizes larger than the cali-
brated section. This works up to about a 16- or 
20-inch prover. After that, the velocity around 
the sphere gets too high and the sphere and 
or ball stopper will be damaged by the high 
velocity in the launcher, causing the sphere to 
slam against the bars or ball stopper. 

Proper sizing of the launching chambers 
is critical. If the launcher diameter is too 
small the sphere is carried along with the 

fluid as it moves rapidly in the launching 
chambers. The “two pipe sizes larger” rule 
of thumb works on the smaller 6-, 8- and 
10-inch provers with 10-, 12- and 14- or 
16-inch launchers, but not on larger sizes.

What is interesting is that at full flow on 
the smaller sizes in which the velocity through 
the prover pipe is 5 feet/second, the velocity 
of the liquid around the sphere in the launch-
ing chamber is also around 5 feet/second. On 
larger provers the velocity of the fluid around 
the sphere can go to over 20 feet/second using 
the two diameters larger rule.

From experiments using clear pipe at 
WFMS we have found the sphere is not as 
aggressive at under 5 feet/second. 

Reducer on Launchers
Installing reducers on launchers where 

the piping from the four-way is attached 
increases the pipe size into and out of the 
launchers and lowers the pressure drop 
caused by the bars or other protection 
placed in the launchers to keep the ball from 
being pulled into the four-way piping.

When forged eccentric reducers are used, 
there is no problem with the sphere launching 
when the launchers are tipped. Forged reduc-

ers are used on the SCS prover up to a cali-
brated section size of 16 inches; above that, it 
is more economical to use a fabricated rolled 
reducer. By making the reducer concentric 
and longer, the tipped launcher has the ease of 
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