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ove him, hate him or be indifferent, President Trump is good 
for the oil and gas industry. By far and away, he is vastly dif-
ferent from any in recent history as most notably demonstrated 

by his use of social media. But what many may not realize is that 
he launched an energy revolution while so many in the media were 
obsessing on his tweets.   

At the “Unleashing American Energy Event” held in late June, 
Trump said he was ushering in a new energy policy that marked an 
end to decades (going back at least to the Nixon administration) of 
fretting about an alleged “energy crisis.” Not satisfied with being 
“energy independent,” the president boldly claimed the U.S. would 
be “energy dominant” and that his goal was to “usher in a new 
American energy policy that unlocks millions of jobs and trillions of 
dollars in wealth.”

With the developments in drilling technology, most notably 
hydro-fracturing (fracking), vast domestic supplies of oil and natu-
ral gas have become available for production. And while it’s true 
that production of fossil fuels took off during the Obama adminis-
tration, this was despite efforts to thwart production. mostly because 
the gains in production were on private lands.  

The difference between this and the previous administration is sig-
nificant. Trump’s predecessor called oil the “energy of the past,” can-
celed the Keystone XL pipeline, put vast tracts of land and offshore 
areas off-limits to oil and gas development, denied permits for LNG 
export terminals and endlessly pushed for huge tax hikes on energy 
companies. In fact, the only energy he supported was the unreliable 
and heavily subsidized wind and solar energy alternatives.      

In Trump’s first week in office, he approved the Keystone XL 
project and accelerated the opening of the Dakota Access Pipeline. 
This was followed by opening drilling in the Arctic, creating new 
offshore leasing programs, building more energy pipelines – includ-
ing one to Mexico – and increasing the sale of natural gas to both 
Asia and Eastern Europe, with the latter region able to buy energy 
from more trustworthy partners. But perhaps equally important, he 
is committed to ending intrusive regulations that kill jobs and raise 
the price of energy quickly and substantially.  

Almost immediately following Trump’s remarks in Washington, 
the Plastics Pipe Institute, Inc. (PPI), reached out to him to express 
our concerns relating to federal regulations affecting the use of 

plastic pipe in the energy sector.  
The PPI is the leading North American trade association represent-

ing more than 150 manufacturing companies and affiliated associates 
involved in the production and use of plastic pipe in our nation’s 
infrastructure. Our members produce plastic pipe, composite pipe, 
fittings and components used in America’s natural gas distribution 
network, and for a wide range of oil and gas gathering applications. 
Today, polyethylene (PE) and polyamide (PA) pipe represent more 
than 95% of all newly installed gas distribution piping, while high-
density polyethylene (HDPE) and advanced spoolable composite 
piping represent a large portion of the oil and gas gathering market 
in North America.

PPI supports a policy that authorizes the Federal Energy Regulatory 
Commission (FERC) as the lead entity to establish the scope and 
schedule of pipeline permit application reviews and requires FERC to 
approve or deny a pipeline permit no later than 12 months after receiv-
ing an application. Moreover, concurrent reviews should be required so 
that other federal and state entities can identify issues of concern early 
during the review process. Expediting the permit process for critical 
pipeline projects is sorely needed, and PPI strongly supports such provi-
sions in an infrastructure package or a new comprehensive energy bill 
in the 115th Congress. 

With the opening of federally owned lands to exploration and 
production of oil and gas, PPI supports policy that allows for energy 
development and pipeline transportation on federal and tribal lands, 
and accelerates permitting and right-of-way (ROW) approvals 
needed to do so. 

The continuing debate over unnecessary “flaring” or “venting” of 
natural gas underscores the need to expand the capacity of our gath-
ering pipeline systems. Expediting the permit and ROW approvals 
to allow for expansion of our gas gathering systems will increase 
the effective use of domestic energy by delivering it safely through 
pipelines to market and reduce wasteful flaring and venting of natu-
ral gas into the atmosphere.

PPI supports the efforts of the Pipeline and Hazardous Materials 
Safety Administration (PHMSA) in applying common-sense regula-
tions that further the use of plastic piping in gas distribution and oil and 
gas gathering systems. Incorporating the latest industry standards helps 
to ensure the best technologies are available for safe and reliable gas 
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systems.  
However, while 

many of the regula-
tions provide neces-
sary safety measures 
and are fully support-
ed by PPI members, a 
few prove to be bur-
densome and unnec-
essarily restrictive to 
U.S. manufacturers 
without providing any level of increased safety. These regula-
tions were enacted with little consideration of published research 
and contrary to well-developed industry consensus standards and 
practices. 

Related to this are two regulations that we view as particu-
larly onerous:  

PHMSA final rule 2014-30336 eliminates the use of rework materials 
in regulated PE gas pipe production. This rulemaking has resulted in a 
significant cost burden to the polyethylene gas piping industry. Based on 
current use, this regulation could cost U.S. local distribution companies 
(LDCs) and PE pipe manufacturers more than $55 million over 10 years. 
But perhaps the most telling aspect of this rule is that it was based upon 
regulator “opinion,” not science, that prohibiting the use of rework material 
is the only way to ensure the materials used by operators are not contami-
nated during the manufacturing process. The use of rework materials has 
not been identified as the cause of any field failures.

With the advent of fracking, the use of plastic pipe has played a large 
role in making the U.S. energy-independent and, as Trump envisions, 
eventually dominant. Unfortunately, advancements in polymer technol-
ogy have gone unnoticed by regulatory institutions. To wit, PHMSA is 
proposing the extension of existing regulatory requirements for Type B 
gathering lines to Type A, Area 2 gathering lines in Class 1 locations, if 
the nominal diameter of the line is 8 inches or greater for non-metallic 
materials. This proposed extension of the regulation is arbitrary, con-
flicts with other portions of 49 CFR, Part 192, and creates burdensome 
requirements for gas gathering operators.

This rule would effectively limit the use of PE of over 8 inches 
in diameter to gas gathering applications with a maximum operating 
pressure of less than 125 psig or require the use of larger diameter 
pipe to provide the same gas flow at the lower pressures. Many (50% 
of the total HDPE oil and gas gathering market) large-dimension PE 
gas gathering systems now in operation work successfully at pres-
sures above 125 psig. PPI research estimates the design pressure 
limitation annual compliance cost to the industry to be $140 mil-
lion. Furthermore, with the restriction of not using rework material, 
another $37 million will be added to the cost.

Overall, over 1,000 miles of 8-inch and larger PE pipe is installed 
for gas gathering applications annually. We estimate the total annual 
compliance costs for the industry to be over $177 million. This is 
well above the $100 million threshold that requires further regula-
tory review by the Office of Management and Budget (OMB).

In his concluding remarks, the president stated, “The golden era 
of American energy is now underway,” and “when it comes to the 
future of America’s energy needs, we will find it, we will dream it, 
and we will build it.” With reasonable, well-thought-out and scien-
tifically based regulations, we believe it will happen. P&GJ
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nderground pipelines are often 
installed using drilling techniques that 
minimize surface disruption. An inves-

tigation to determine the root cause of field 
failures in a polyethylene gas distribution 
line led to the discovery that a common 
ingredient in drilling mud could lead to 
ineffective bonding of electrofusion joints, 
which are common in the polyethylene 
pipeline industry. 

Results from the investigation and a 
cleaning method that was developed to 
reduce the chance of contaminated joints 
are shared here by engineers at Exponent, 
the firm that conducted the investigation.

The gas distribution industry commonly 
uses saddle-tapping tees to join service 
branches to polyethylene mains using the 
electrofusion (EF) process, which involves 
heating and melting the plastic via electric 
current applied to heater wires integrated 
into special fittings.

In 2014, a utility company discovered 
leaks at several electrofusion saddle taps 
along distribution mains in a specific ser-
vice area. As part of its statistical sampling, 
the utility company excavated over 100 
additional tapping tees from the area. Of 
these, 38 tapping tees failed subsequent lab-
oratory testing, prompting an investigation 
to identify the root cause of the problem. 

All of the field failures occurred in areas 
where horizontal directional drilling (HDD) 
was used to install the mains. Exponent 
prepared electrofusion joints in the labora-
tory to mimic field conditions and inspected 
the field failures and other excavated joints. 
After the likely cause of failure was iden-

tified, Exponent tested additional fitting 
types and prepared procedural recommen-
dations designed to reduce the likelihood of 
failure of electrofusions.

Under electrofusion standard operating 
procedures, the pipe is cleaned to remove 
contamination that might inhibit the fusion 
process, and scraped to remove the outer 
layer of oxidized polymer that might also 
inhibit the fusion process. After scraping 
and cleaning, the electrofusion saddle fit-
ting is secured on the pipe. Two electrical 
leads from an electrofusion control unit 
are attached to the fitting and the control 
unit applies an electric current profile over 
a specified time interval. After the current 
profile is complete, the leads are removed, 
the joint is allowed to cool and the com-
pleted joint is inspected (Figure 1).

Before bentonite was identified as the 
contaminant that caused the observed fail-
ures at issue, numerous plausible contami-
nants were tested to determine their propen-
sity to cause weak or brittle electrofusions. 
These contaminants included greases, oils, 
native soil, and various HDD fluid ingre-
dients, including bentonite clay, a primary 
ingredient in drilling mud. 

Whereas bentonite was found to cause 
weak joints even when present in visually 
undetectable amounts, the other contami-
nants were only found to cause weak joints 
when present in visually obvious amounts 
that would be detected by reasonably consci-
entious installers. After bentonite was identi-
fied as a potent contaminant, testing was 
conducted to identify mechanisms that could 
result in bentonite-contaminated pipe despite 

following standard cleaning procedures.
Electrofusion joints were intentionally 

contaminated and then tested to identify 
contaminants and procedural shortcomings 
that may have contributed to field failures. 
Through these tests, Exponent aimed to 
recreate the observed failures.

The first round of testing focused on 
plausible contaminants. After problematic 
contaminants were identified, the second 
round of testing investigated procedural 
deviations that would result in joint contam-
ination and joint failure. Exponent followed 
the utility company’s current standard oper-
ating procedure for pipe preparation and 
electrofusion, with variations in the proce-
dure as part of the test matrix. 

To evaluate electrofusion success, joints 
were tested destructively using a strip bend 
test. The tower portion of the saddle tee 
was cut off and the remaining assembly 
was sawn into longitudinal strips to provide 
at least two strips about 25-mm (1-inch) 
wide having sections of the saddle attached 
(Figure 2). 

Figure 3 shows the joint interface with 
the cold zones and fusion zones identi-
fied; separation in the fusion zone over 
the majority of the zone indicates failure 
according to the bend test. For testing, each 
strip was bent back on itself, and if the 
saddle detached from the pipe wall over 
more than 50% of the fusion zone length 
on either side of the joint’s axial center, the 
joint was deemed to have failed (Figure 4). 

Joints that failed the bend test were 
typically deemed to have been accept-
able, according to field inspection criteria, 

Traces of Bentonite Prevent  
Bonding of Electrofusion Pipeline Joints
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Figure 1: Successfully completed 6-inch electrofusion joint. Figure 2: Example of strips cut from pipe with 
saddle joint for strip bend test.
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including stored electrofusion unit data and 
visual criteria. Thus, the field inspections 
would not have detected the joints that sub-
sequently failed the bend tests.

The initial experiments showed that, com-
pared to other plausible contaminants, only 
small amounts of bentonite were necessary 
to cause failure. Bentonite is a type of smec-
tite clay often used for barriers and seals 
against water, and is a major component of 
drilling mud, the thick fluid used to support 
a borehole and lubricate the drill bit when 
drilling for underground pipe installation. 

Bentonite consists of small, plate-like 
nanoparticles called platelets. These par-
ticles form a filter cake that blocks fluid and 
thus helps stabilize a horizontal borehole. 
The microstructure of bentonite and its 
hydraulic conductivity and diffusivity make 
it effective at preventing molecule flow. 

After the strip specimens were bend-test-
ed, a scanning electron microscope (SEM) 
was used to inspect samples and detect 
the presence of contamination. The failed 
saddles were completely removed from the 
strips and examined.

Figure 5 shows the saddle from the failed 
joint of Figure 4, in which the bentonite 
contamination is visible as gray patches. 
Area 1, at the top of the image, shows 
the energy-dispersive spectroscopy (EDS) 
spectrum of the EF saddle, which contains 
only carbon and oxygen. Areas 2 and 3 
show EDS spectra that also identify alu-
minum and silicon, which is consistent 
with the EDS spectrum of bentonite-based 
drilling mix. 

This finding is consistent with the chemi-
cal composition of Wyoming-type benton-
ite, which is primarily SiO2 and Al2O2, and 
may also contain Fe2O3, MgO, CaO, Na2O 
and K2O, depending on the source of the 
bentonite.

Because bentonite applied to pipe sur-
faces through the application of commercial 
drilling muds resulted in failed joints during 
lab tests even when the bentonite was pres-
ent in invisible amounts, Exponent conduct-
ed a suite of procedural tests to identify how 
bentonite might be transferred to the joint 
area before the electrofusion procedure, as 
well as testing variations in scraping and 
cleaning the pipe to identify improvements. 

For procedural tests, the contaminant 
was applied to the pipe before scraping and 
cleaning, reflecting the contaminant trans-
ferred to the pipe during initial installation. 
Cleaning methods varied, from wiping only 
within the scraped area to wiping including 
the surrounding area. 

From these tests, it was confirmed that 
very small amounts of bentonite were suf-

ficient to cause joint failures, even when it 
was not visible to the eye. Most important, 
the standard cleaning procedure of using 
isopropyl alcohol beyond the scraped area 
effectively spread small amounts of ben-
tonite from the unscraped area to the fusion 
area and thus prevented successful fusion. 

Many of the joints failed after they 
were prepared with drilling mud and then 
“cleaned” over more than the scraped area 
(including wiping material into the cleaned 
area from the unscraped edges where dried 
drilling mud was still present). Of the 19 
procedural tests that included bentonite, 
42% of the samples failed. However, when 
limiting the procedural tests to those that 
include both bentonite contamination and 
wiping beyond the scraped area (10 tests 
total), the failure rate was 80%. 

Based on the combination of contamina-
tion tests and procedural tests, it was found 
that bentonite residue was likely to cause 
joint failures, and that bentonite residue 
could end up in the electrofusion fitting area 
if the pipe was cleaned by wiping over too 
broad an area. Thus, we conclude that the 
field joint failures were due to bentonite con-
tamination, exacerbated by the pipe-cleaning 
procedure. 

Even diligently following the existing 
cleaning procedure risked contaminating the 
pipe if bentonite residue from the unscraped 
area was wiped onto the scraped area during 
the cleaning step. Accordingly, Exponent 
was assigned with developing and confirm-
ing the effectiveness of a revised cleaning 
procedure designed to reduce the risk of 
bentonite contamination in the preparation 
of field joints. 

The new procedure for both saddle and 
coupling fittings involves washing the pipe 
with water and isopropyl alcohol (IPA) 
before scraping, and then cleaning only the 
scraped area with IPA, using a new cloth or 
disposable wipe, ensuring  that the wipe is 
used only on the scraped portion of the pipe. 
The cleaning procedure after scraping was 
designed to ensure that no contamination 
from the unscraped area was dragged onto 
the scraped EF area. 

Fifteen joints were prepared using IPA 
and clean cotton cloths, and five joints were 
prepared using disposable dry wipes wet-
ted with IPA. There were no failures due to 
bentonite contamination when the new pro-
cedure was used to clean the 20 bentonite-
contaminated pipes.

Based on the findings, failed joints that 
appear to have been properly prepared and 
installed using HDD most likely failed due 
to contamination from a bentonite-based 
drilling mud. EF joints prepared using a 
typical procedure in which the pipe was 
scraped and then cleaned with IPA after 
cleaning often failed if bentonite contami-
nation was present. EF joints prepared using 
the revised cleaning procedure, in which 
the pipe is cleaned before scraping and 
then cleaned with a new wipe over only the 
scraped area, were successful. 

A procedure that involves first cleaning, 
then scraping the pipe, and then cleaning 
only the scraped area is more effective 
at removing bentonite contamination than 
cleaning a larger area of the pipe. Because 
the procedure uses water in the initial wash-
ing step, care should be taken to ensure that 
the pipe is adequately dried to prevent void 
formation from water vapor (steam), which 
could compromise the joint. 

The characteristics that make bentonite 
effective for preventing fluid migration 

Figure 3: Location of cold zones (separation allowable) and fusion zones (failure occurred if 
separation greater than 50% of the length of the zone).

Figure 4: An example of a joint that failed the 
bend test – 100% of the fusion zone on one 
side of the branch hole has separated.
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through borehole surfaces also make ben-
tonite effective at preventing electrofusion 
by blocking the wetting or inter-diffusion 
of melted plastics between pipe and fitting. 

Therefore, particular care should be taken 
when using EF procedures on pipes that may 

have contacted ben-
tonite-based drill-
ing muds because 
even small amounts 
of contamination, 
(not visible to the 
naked eye) can 
prevent success-
ful electrofusion. 
P&GJ
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Figure 5: The SEM image and EDS spectra for B4 saddle after 
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