GROEBNER

FOWERED BY EXPERIEMCE

EVONIK

Leading Beyond Chemistry

PA12 - ABOVE AND BEYOND

A case study for PA12 gas pipes in a high-pressure application
(250psi — 500psi)

A publication for public use
Prepared by: Evonik Corporation, GROEBNER & Associates, and CoServ Gas, Ltd.

September 2024



DISCLAIMERS AND COPYRIGHT

COSERV

The information and all technical and other advice contained in this document are based on
CoServ’s present knowledge, experience in the industry, and the tests performed pursuant to its
research into the use of PA12 in gas pipes in a controlled testing environment. CoServ assumes
no liability for such information or advice, including the extent to which such information or advice
may relate to third party intellectual property rights or a third party’s reliance on any such
information or advice in this case study. CoServ reserves the right to make any changes to such
information or advice at any time, without prior or subsequent notice. COSERV DISCLAIMS ALL
REPRESENTATIONS AND WARRANTIES, WHETHER EXPRESS OR IMPLIED, AND SHALL HAVE NO
LIABILITY FOR, MERCHANTABILITY OF THE PRODUCT OR ITS FITNESS FOR A PARTICULAR PURPOSE
(EVEN IF COSERV IS AWARE OF SUCH PURPOSE), OR OTHERWISE. COSERV SHALL NOT BE
RESPONSIBLE FOR CONSEQUENTIAL, INDIRECT OR INCIDENTAL DAMAGES (INCLUDING LOSS OF
PROFITS) OF ANY KIND. It is the customers’, users’, and installers’ sole responsibility to arrange
for inspection and testing of all products by qualified experts and such parties should not rely on
the information and advice provided in this case study. Any reference to trade names used by
other companies is neither a recommendation nor an endorsement of the corresponding product
and does not imply that similar products could not be used.

EVONIK
VESTAMID® is a registered trademark of Evonik Industries and its subsidiaries.

This information and all technical and other advice are based on Evonik’s present knowledge
and experience. However, Evonik assumes no liability for such information or advice, including
the extent to which such information or advice may relate to third party intellectual property
rights. Evonik reserves the right to make any changes to information or advice at any time,
without prior or subsequent notice. EVONIK DISCLAIMS ALL REPRESENTATIONS AND
WARRANTIES, WHETHER EXPRESS OR IMPLIED, AND SHALL HAVE NO LIABILITY FOR,
MERCHANTABILITY OF THE PRODUCT OR ITS FITNESS FOR A PARTICULAR PURPOSE (EVEN IF
EVONIK IS AWARE OF SUCH PURPOSE), OR OTHERWISE. EVONIK SHALL NOT BE RESPONSIBLE
FOR CONSEQUENTIAL, INDIRECT OR INCIDENTAL DAMAGES (INCLUDING LOSS OF PROFITS) OF
ANY KIND. It is the customer’s sole responsibility to arrange for inspection and testing of all
products by qualified experts. Reference to trade names used by other companies is neither a
recommendation, nor an endorsement of the corresponding product, and does not imply that
similar products could not be used.

Copyright © 2024; Evonik Corporation, GROEBNER & Associates, CoServ Gas, Ltd.; All Rights Reserved.
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Introduction of Companies

CoServ Gas, Ltd. is a retail gas distribution company that serves North
Texas. CoServ was established in 1998 and serves more than 165,000 gas
meters in Denton, Collin, Kaufman and Tarrant counties. www.coserv.com

GROEBNE

POWERED BY EXPERIENCE

At GROEBNER, we sell, stock, and advise on natural gas distribution products
from the pipeline to the meter. We are a certified women-owned business
through WBENC and collaborate with utilities and contractors to enhance
their project’s success. We also support customers with team training and
equipment maintenance services. GROEBNER operates warehouses in
Minnesota, Illinois, Kansas, and Texas. For more information, visit
www.groebner.com.

EVOnIK

Leading Beyond Chemistry

Evonik is one of the world’s leaders in specialty chemicals. Evonik’s high-
performance polymers are suitable for an unlimited range of uses,
including many applications in the energy sector. These polymers provide
protection against corrosion or chemicals, increase the safety of energy
transport, and enhance the efficiency of energy generation. Evonik’s global
headquarters are located in Marl, Germany and our North American
headquartered in Piscataway, NJ.
https://www.vestamid.com/en/products-services/vestamid-nrg
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Introduction of PA12 Pipe

VESTAMID® NRG is a polyamide 12 (PA12) product specifically developed for energy efficient
pipelines. For many years, steel was the only material available for gas distribution lines for
pressures ranging between 120-250 psi and had no competition until the arrival of VESTAMID®
NRG PA12. VESTAMID NRG PA12 withstands pressures far beyond 120 psi and is federally
approved for operating pressures up to 250 psi. With high-pressure capability and installation
practices similar to other plastic pipes, depicted in Figure 1 below, PA12 is an extremely practical
solution for gas distribution lines.

-
Figure 1. Fusion and installation of PA12 pipe for gas distribution. Able to be spooled in long lengths and joined on-
site, PA12 simplifies pipe installation compared to steel.

As outlined in Figure 2 below, PA12 offers several advantages to extend the use of polymer gas
pipes while addressing key challenges of steel gas pipes.

HDPE

e has higher operating pressures e does not need cathodic protection
e has higher operating temperatures (minimal lifetime maintenance cost)
e has higher longevity e has smaller bend radius (longer HDD)
e does not de-rate in hydrocarbon e s available in coils (faster installation)
contaminated soils e allows fusion joints (eliminates expensive
e has higher tensile strength (longer HDD welding)
lengths) e more efficient logistics

o employs the same installation methods

Figure 2. Overview of the benefits of PA12 when compared with HDPE and steel.



As shown in Figure 3 below, PHMSA has issued a final rule that amends the Federal Pipeline Safety
Regulations for plastic piping systems to include updated standards allowing and governing the
use of pipelines made of PA12. With the inclusion of PA12 in the federal code, Evonik can now
affect change in the industry by enabling utilities to replace low-pressure steel systems with a
complete polymer system. So, whether it’s a solution to replace steel for increased pressures or
a solution to upgrade pipelines affected by hydrocarbon permeation, Evonik’s PA12 is more than
capable of safely and efficiently handling your pipeline needs.
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PHMSA

AGENCY:

Pipeline and Hazardous Materials Safety Administration (PHMSA), Department of Transportation
(DOT).

ACTION:

Final rule.

SUMMARY:

PHMSA is amending the Federal Pipeline Safety Regulations that govern the use of plastic piping
systems in the transportation of natural and other gas. These amendments are necessary to enhance
pipeline safety, adopt innovative technologies and best practices, and respond to petitions from
stakeholders. The changes include increasing the design factor of polyethylene pipe; increasing the
maximum pressure and diameter for Polyamide-11 pipe and components; allowing the use of
Polyamide-12 pipe and components; new standards for risers, more stringent standards for plastic
fittings and joints; stronger mechanical fitting requirements; the incorporation by reference of certain
new or updated consensus standards for pipe, fittings, and other components; the qualification of
procedures and personnel for joining plastic pipe; the installation of plastic pipe; and a number of

general provisions.

DATES:

The effective date of these amendments is January 22, 2019. The incorporation by reference of certain
publications listed in the rule is approved by the Director of the Federal Register as of January 22, 2019.

Figure 3. PHMSA update to include PA12 pipe and components in the federal codes for gas distribution pipes.



Pipe Fusion Testing
Background

During a fusion training process for field operations, CoServ observed small bubbles in the fusion
area of pipe samples, as shown in Figure 4 below. Although small bubbles are acceptable per
ASTM F3372 (Butt Fusion Joining of PA12 Pipe and Fittings), the team (CoServ, Evonik, and
GROEBNER) wanted to better characterize the parameters needed to ensure good fusions. To do
so, the team launched a project aimed at improving the fusion process to minimize bubbling in
the fusion area and to maximize performance of gas distribution pipe installed by CoServ.

= e - B '

Figure 4. Example of small bubbles observed in the fusion zone of PA12 pipe. While such bubbles are not allowed for other
types of plastic pipe, small bubbles can be common and acceptable in the fusion zone of PA12 pipe.
To achieve success, the performance of varying fusion parameters was evaluated through visual
assessment of bubbling at the fusion surface, bend-back testing, tensile testing of control and
welded pipe specimens, and sustained pressure testing of pipe sections. McSnapper testing at
McElroy was also pursued initially but was determined to be unsuitable for testing of PA12 based
on the guidance of McElroy.

All tests completed during the course of this project were aimed at ensuring the gas pipe system
exceeded the performance requirements of ASTM F2785-21 (Standard Specification for PA12 Gas
Pressure Pipe, Tubing, and Fittings). The team focused on achieving performance above and
beyond the requirements for sustained pressure (hoop stress of 2,800 psi or higher) and burst
pressure (hoop stress of 3,900 psi or higher).

Standards

The test plan was set up in consideration of the relevant standards for PA12 gas distribution
piping as outlined below, with a target of ensuring the gas pipe system exceeded the sustained
pressure (2,800 psi) and burst pressure (3,900 psi) requirements of ASTM F2785-21.

e Minimum Hydrostatic Burst Pressure of Pipe Sections (Quick Burst): ASTM F2785-21
Section 5.6
e Sustained Pressure Testing of Pipe Sections: ASTM F2785-21 Section 5.7

e Fusion Quality Visual Assessment: ASTM F3372-20 Section 7.2.6.1
8



e In-Field Bend-Back Testing: ASTM F3372-20 Appendix X2.2
e Tensile Testing of Welds and Pipe Specimens: ASTM D638-22

Bend-Back Testing at Field Site

Field pipe installations continued while the weld parameter evaluation project was in progress.
To ensure high-quality welds during this time, CoServ completed regular bend-back testing on-
site in accordance with ASTM F3372-20 Appendix X2.2. Bend-back tests completed during this
process yielded successful results (sample must be free of cracks and separations at the fusion
joint location) indicating high-quality fusion was achieved in the field. Examples of successful
bend-back test samples are shown in Figure 5 below.

Figure 5. Exampls of PA12 pipe specimen which exhibited high-quélity fusion.

Intertek Weld Strength Testing

Tensile testing of pipe specimens was completed by a third party (Intertek) to evaluate the
strength of welds produced using varying parameters. The objective of this testing was to assess
potential variability induced by varying weld parameters, gain an improved understanding of the
performance of welds produced with varying parameters, and ensure optimal weld parameters.

Fusion parameters evaluated through the weld strength experiment were fusion temperature
and fusion pressure. Two temperature ranges were used: nominal temperature (NT — 485-495
°F) and high temperature (HT - 500-510 °F). Three fusion pressures/ranges were used: nominal
pressure (NP —75-80 psi), high pressure 1 (HP1 —90-96 psi), and high pressure 2 (HP2 — 110 psi).
The tensile strength of welded specimens was then compared to the tensile strength of control
(non-welded) specimens from the same section of pipe. Fusion parameters and resulting tensile
strength values are listed in Table 1 below.

Table 11. Fusion parameters and resulting tensile strength values of welded and control (non-welded) specimens.

Sample T/P Temperature | Pressure | Time Weld Yield | Control Yield
(°F) (psi) (min) (psi) (psi)
1 HT / NP 500-510 75-80 3 min 6,280 6,240
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2 HT / HP1 500-510 90-96 3 min 6,210 6,220
3 NT / NP 485-495 75-80 3 min 6,120 6,120
4 NT / HP1 485-490 90-96 3 min 6,080 6,160
5 HT / NP 505-510 75-80 3 min 6,330 6,380
6 HT / HP2 505-510 110 3 min 6,320 6,210

Average 6,223 6,222

A couple of key observations were made based on weld yield strength results. First, high
temperature fusion (505-510 °F) resulted in the highest weld strength (6,330 psi). Second, the
varied weld parameters investigated resulted in a relatively small range of 250 psi weld yield
strength (4.0% of the average weld yield strength). This demonstrates the consistent weld quality
that can be achieved despite moderate variations in weld parameters. Last, while the high
temperature fusion resulted in the best performance, all samples far exceeded the required yield
strength of 3,900 psi (as specified in the Quick Burst test) as illustrated in Figure 6 below.

Intertek Weld Strength Results

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
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Figure 6. Results of tensile testing completed for welded and control (non-welded) pipe specimens. All results were compared
with the baseline quick burst requirement of ASTM F2785.

Internal Sustained Pressure Test at CoServ

CoServ also conducted its own internal test to evaluate fusion performance. CoServ produced a
section of PA12 pipe with multiple fusion zones using the same varied parameters (NT, HT, NP,
HP1, and HP2) selected for weld strength testing at Intertek. CoServ then exposed the pipe and
fusion zones to increasing sustained pressures for pre-determined time intervals. The first
interval was a week at 1.5x MAQOP (375 psi). CoServ then increased to 600psi and held for another
week. During this time, small leaks were observed in the testing equipment that caused some
delays. After repairing the leaks in the test equipment, CoServ increased the test pressure to
800+psi (more than 3x MAOP). Images of the test site are shown in Figure 7 below.
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Figure 7. Test setup for sustained pressure testing completed by CoServ.

During ramp up, the pipe failed at 801 psi due to a ductile failure in the transition fitting. After
assessing pictures of the fitting, consultation with the fitting manufacturer, and reviewing the
data sheet, it was concluded that failure occurred at a transition in thickness in the fitting as
shown in Figure 8 below. This was concluded to be the most likely failure location due to a stress
concentration resulting from the thickness transition in the fitting (where the two pipe walls meet
and the pipe wall thickness reduces). The promising test result of 801 psi suggests that PA12
pipes have potential to be operated at pressures much higher than 250 psi when applying a 1.5

safety factor.
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Figure 8. Review of the failure location and fitting design indicates the failure occurred at a transition in pipe thickness.
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Conclusions

Upon completion of the full test plan, it was observed that all samples far exceeded the
requirements of ASTM F2785-21. Successful bend-back results were accomplished in the field,
tensile testing demonstrated an average weld strength (6,223 psi) consistent with the control
sample strength (6,222 psi) and far beyond the required strength (3,900 psi), and sustained
pressure testing resulted in a pipe strength more than three times maximum operating pressure
(MAOP).

Consequently, it can be concluded that consistent, high-performing fusion joints can be expected
when the guidelines provided in ASTM F2785-21 and ASTM F3372-20 are followed. Additionally,
it can be concluded that PA12 has the capability to perform well beyond the standard MAOP for
gas distribution.

EVONIK COMPANY INFORMATION:

Evonik is one of the world leaders in specialty chemicals. The company is active in more than 100 countries around the world and generated sales
of €15.3 billion and an operating profit (adjusted EBITDA) of €1.66 billion in 2023. Evonik goes far beyond chemistry to create innovative,
profitable, and sustainable solutions for customers. More than 33,000 employees work together for a common purpose: We want to improve life
today and tomorrow.

ABOUT SMART MATERIALS

The Smart Materials division includes businesses with innovative materials that enable resource-saving solutions and replace conventional
materials. They are the smart answer to the major challenges of our time: environment, energy efficiency, urbanization, mobility and health.
The Smart Materials division generated sales of €4.46 billion in 2023 with more than 8,100 employees.
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