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ISO Certification

Teel Plastics” industrial pipe manufacturing facility is certified to ISO 9001:2015 for its quality
management system.

ISO 9001

ISO 9001 is the international standard that specifies requirements for a quality management
system (QMS). Organizations use the standard to demonstrate the ability to consistently
provide products and services that meet customer and regulatory requirements. To maintain
certification, 1SO 9001 requires the organization to demonstrate continual improvement.

American Systems Registrar, LLC, a provider of third-party system registration and
A S R_ accredited by the ANS| National Accreditation Board attests that:
American Systems

RecisTRArR  TEEL PLASTICS, LLC

5281 Clyde Park Ave. SW,_ Suite 1

“"S'::"‘ﬂ- b ‘Oi'fuf: 1060 TEEL COURT 426 HITCHCOCK STREET 500 INDUSTRIAL COURT
8180428273 Barasoo, WI 53913 Barasoo, WI 53913 Barasoo, WI 53913

with a scope of:

PropUCTION OF CUSTOM PLASTIC EXTRUSIONS, INJECTION
MoLDING, PRODUCTS AND COMPOUNDED MATERIALS USING
NATURAL FIBERS AND SYNTHETIC POLYMERS AND
LABORATORY SAMPLING BAGS

has established a quality management system that is in conformance with the International
Quality System Standard

ISO 9001:2015

ASR Certificate Number: 5750

Diate of Certification: June 11, 2021
Date of Centification Expiration: June 10, 2024
Date of Initial Registration: August 8, 2012
Revision:

Re-lssue Date: . “ .
President %a

CERTIFICATE OF REGISTRATION

Figure 1: Teel's ISO 9001 certification

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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GTI Energy Quality Audit

In summer 2023, Teel was audited by GTI Energy for the quality of its gas pipe production
operations. GTl is an industry leader in the verification of gas pipe production for PHMSA-
regulated markets. Below is summary information and a list of highlights.

Scope

The audit focused on the extrusion process for Teel's MDPE gas pipe and all supporting
processes required by ISO 9001:2015. The criteria of the audit were ISO 9001:2015, Teel
Plastics” internal procedures, ASTM D2513-18a, and the observed test methods referenced in
ASTM D2513-18a for pipe and resin.

Quality Performance Commendation

According to GTl's audit summary: “The company's commitment to qguality is apparent.

Teel Plastics (s accredited to three quality management systems. ISO 9001.2015 for industrial
products, I1SO 13485.2016 for medical devices, and ISO 17025.2017 for laboratory competence.
Teel Plastics has decided to adopt one comprehensive standardized quality management
system for all products instead of creating one for medical devices with more prescriptive
requirements and one for gas and conduit pipes. Thus, the company enters the natural

gas pipe market with already well-developed quality habits doing more than the minimum
required.”

Teel's performance also impressed a Teel customer who participated in the audit and stated,
"We frequently observed the mindset of going above and beyond minimum requirements.
This mindset is reflected in the positive audit scores, especially in the technically focused areas:
product testing, training, control of outputs, and traceability.”

World-Class Ratings

Teel received world-class ratings in several areas, including:

Training
+ Generic training requirements for any employee position are defined, and training is
provided during the onboarding process

« Job-specific training checklists include requirements on how employees are to be trained

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Document Control
 Notification of changes go to HR to assign training to affected employees
« Employees can see training they need to complete on individualized dashboards

Risk Management

« The risk assessment process and corrective actions were both rated excellent
« Corrective actions taken were well documented

« All nonconformances are logged and documented

Product Testing
+ Allinspection and testing requirements are documented per material and work order
 Testing beyond the minimum required is done on each work order

Overall Rating
Teel scored a Silver rating overall. More details are available in the full report.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Manufacturing Facility

Teel's gas pipe is manufactured in an
approximately 435,000 sq. ft. facility capable
of extrusion line lengths of 450 feet. The
facility's 14 extrusion have the capacity to
produce more than 80 million lbs of PE
pipe products per year. Accessible by rail

or truck, the location’s eight silos can house
over 200,000 Ibs. of resin each. The facility
also includes a state-of-the-art chilled water
system designed to cut energy usage up to
30% compared to a conventional chiller.
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Figure 2: Images of Teel's Industrial Court manufacturing facility and product
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Print Line

Teel's gas pipe includes print lines with key information about manufacture and composition.
The barcode and text are on separate lines to enhance readability. Printed data includes:

+ Size

« Wall thickness

+ Company name

* Material

* Product type
 HDB & fusion code
« ASTM D2513

* No regrind (NR)

»  Work order number
+ T6-digit code

« Manufacture date
+ Time stamp

* Barcode

+ Footage marker

Pipe Information Print Line

11 Teel Pipe Gas PE2708 CDE ASTM D2513 NR W0524332 2" SDR11 Teel Pipe Gas PE2708 CDE ASTM D2513 NR

Barcode Print Line

Barcode Version of 16-Digit Code

123K 0

2 IPS DRIl TEEL PIPE GAS PE2708 CDE ASTM D2SI3 NR W03743I2

Size | Wall Thickness | Company Name | Material | HDB & Fusion Code | ASTM Pipe Standard | No Regrind | Work Order | 16-Digit Code | Manufacture Date | Time Stamp | Footage Marker

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Specifications and Packaging Data

IPS

IPS Pipe Data Coil Packaging Data Stick Packaging Data
Avg. | Weight | Min Coil Coil Size Pallet | oo 40FT
§ B / Feet/ | Pallets/ - Feet/ Feet/ Bundles/
Size SDR Mat. oD (LBS/ Wall Lengths ID/OD/W Size Sticks/
(N) F1) (N) () N (IN) Pallet Pallet Truck* Bundle Bundle | Truck Truck
MDPE 0.091
1/2" | 9.33 0.840 0.090 500 30/43/6-1/2 44 11 5500 26 Available Upon Request
HDPE 0.092
MDPE
3/4" 11 1.050 | 0.124 | 0.095 500 30/43/10-3/8 44 7 3500 26 Available Upon Request
HDPE
MDPE 0.221
9.33 1.315 0.140 500 30/43/12-1/2 44 5 2500 26 Available Upon Request
HDPE 0.224
1"
MDPE 0.192
11 315 0.120 500 30/43/12-1/2 44 5) 2500 26 Available Upon Request
HDPE 0.194
MDPE 0334 250 34/46-3/4/11-1/2 78 16 4000 7
10 1.660 0.166 Available Upon Request
HDPE 0337 500 48/72/7-1/2 78 12 6000 7
1-1/4"
MDPE 0.307 250 48/72/5 78 16 4000 7
11 1.660 0.151 Available Upon Request
HDPE 0310 500 48/72/7-1/2 78 12 6000 7
250 48/78/8 78 11 2500 7
MDPE 0.628
500 48/78/13 78 7 3500 7
2" 11 2.375 0.216 88 3520 | 42240 12
1000 48/78/28 78 3 3000 7
HDPE 0.634
1500 48/78/38 78 2 3000 7
MDPE 1363 250 70/96/13 96 7 1750 6
11 3.500 0.318 500 70/96/24 96 4 2000 6 50 2000 | 24000 112
HDPE 1.378
3" 1000 70/96/46 96 2 2000 6
MDPE 1310 250 70/96/13 96 7 1750 6
11.5 3.500 0.304 500 70/96/24 96 4 2000 6 50 2000 | 24000 12
HBES b 1000 70/96/46 96 2 | 2000 | 6
MDPE 2:2.58 500 70/96/41 96 2 1000 6
11 4.500 0.409 30 1200 | 16800 14
HDPE 2277 1000 84/116/48 Cradle 1 1000 8
MDPE 2.164 500 70/96/41 96 2 1000 6
4" 11.5 4.500 0.391 30 1200 | 16800 14
HDPE 2.187 1000 84/116/48 Cradle 1 1000 8
MDPE 1.871 500 70/96/41 96 2 1000 6
{1855 4.500 0.333 30 1200 | 16800 14
HDPE 1.891 1000 84/116/48 Cradle 1 1000 8
MDPE 4.882
11 6.625 0.602 500 84/120/50 Cradle 1 500 8 13 520 7280 14
HDPE 4.934
. MDPE 4.693
6 11.5 6.625 0.576 500 84/120/50 Cradle 1 500 8 13 520 7280 14
HDPE 4743
MDPE 4.060
135 6.625 0.491 500 84/120/50 Cradle 1 500 8 13 520 7280 14
HDPE 4.103

Measures are approximate and may vary. Packaging is listed by SDR. *Products are shipped on a 53" trailer.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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CTS

CTS Pipe Data Coil Packaging Data

Min Weight | Avg. Coil Coil Size Coils/
Size Mat. Wall (LBS/ OD | Lengths OD/ID/W Pallet
(IN) FT) (IN) (FT) (IN)

MDPE | 0.090 0.064 0.625 500 30/43/3-2/3 | 18/11
HDPE | 0.090 0.065 0.625 1000 30/43/6-1/2 | 18/11

1/2"

MDPE | 0.090 0.126

HDPE | 0.090 0.127

MDPE | 0.099 0.187
1" 1.125 500 30/43/11 6
HDPE | 0.099 0.138

MDPE | 0.101 0.139

HDPE | 0.101 0.141

Measures are approximate and may vary. Packaging is listed by pipe size.
Products are shipped on a 53 trailer.

Figure 3: Teel's gas pipe specifications and packaging data charts

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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4" SDR 11 HDPE Gas Pipe

Teel’s high-density polyethylene gas pipe is made from 4710 HDPE material that meets or
exceeds regulatory and performance standards for gas applications up to 125 psi. It is compliant
with PHMSA requirements for regulated gas distribution operations and is compliant with all
standard joining techniques.

oD
Min. WaII—>| |<7
Pipe Size OD (in.) Min. Wall (in.) Packaging
Type Length (ft.)
Coil 500, 1000
4" IPS 4.500+0.009 0.409 11
Stick 40

ASTM-Driven Gas Pipe Quality Assurance

Initial Validation Semi-Annual Testing Production Testing

Resistance to Crack Propagation — - Sustained Pressure — D1598 - Bend Back - D2513-18a
1SO 13477 & 13478 Elongation at Break — D638
Chemical Resistance - D368 Thermal Stability — D3350
HDB Validation — D2837 Melt Index — D1238

gl;;ast;d Temperature Service ~ Dimensional Requirements — D2122

Squeeze Off — D1598
Cell Class — D3350
Ad(ditive Classes - D3350

Minimum Hydrostatic Burst Pressure
- D1599

Rev Date: 10/20/2025 Teel Plastics | 1060 Teel Court | Baraboo, W1 53913 | Phone (608) 355-3080 | www.teel.com

Figure 4: Example of a Teel technical spec sheet

Rev. Date: 1/26
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Gas Pipe Packaging Labels

Pallet Label
PALLET LABEL
: I b dd iption indicati
@ PO75500R1IVEL-SC product type,color, et size length, and SOR
.75x500' -
D:\ZT/:ESIZS Fe %%TQE%M:ER Finished goods lot number for traceability
Cust. Part Number: Manufacture date
004737675
Serial number used for scanning and tracking
D R0 TR O within Teel's inventory management system
FROM: Teel Pipe, LLC 1060 Teel Court Baraboo, WI
53913
Quantity 7 Number of coils on the pallet
UMD

Coil Label
Teel Pipe, LLC.
500 Industrial Ct.
Baraboo, WI. 53913
DESCRIPTION
GAS PIPE YLW MDPE 0.75x500" C( Description indicating product type, color, material,
size, and length
QTY (Q) 1 Resin Type
I
Cust PN:
TPN: P0.75500R11YEL-SC Teel part number
BOX NO 18| Box number indicating coil sequence in product lot
Pack Date: 12/18/25 Manufacture date
LOT/TO: 619306 Finished goods lot number for traceability
TP2BUA9a9B114r60 . .
T 16-character gas pipeline component tracking
SERIAL NO.
© 004737630 Serial number used for scanning and tracking
AT AR R within Teel's inventory management system

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Standard Packaging Configurations

Coil Configurations

V2", %", & 1" CTS Sizes

1. Stretch wrap is applied to the outside of the coil once desired footage is achieved. Coils are then palletized in
accordance with Teel's Polyethylene Gas Pipe Dimensions and Packaging document.

2. There are no straps. The friction of the shrink wrap holds the pallet together. Once pallets are complete, they are
wrapped twice with pallet wrap.

3. These coils are intended to be paid off from the inside. Do not cut the wrap off or the coil will not hold together
during use.

12" & 34" IPS Sizes

1. Stretch wrap is applied to the outside of the coil once desired footage is achieved. Coils are then palletized in
accordance with Teel's Polyethylene Gas Pipe Dimensions and Packaging document.

2. There are no straps. The friction of the shrink wrap holds the pallet together. Once pallets are complete, they are
wrapped twice with pallet wrap.

3. These coils are intended to be paid off from the inside. Do not cut the wrap off or the coil will not hold together
during use.

2" IPS Sizes

1. Before a completed coil is removed from the winder, the coil is banded in three locations 120° apart. One of the
three locations is 6" from the loose end at the outer diameter of the coil. Caps are placed on the coil ends.

2. The coilis then removed from the winder and is placed on a pallet covered with cardboard. The first coil is banded
to the pallet.

3. 500’ coils are stacked 7 high. The first coil is banded to the pallet in two opposite corners. Coils are then banded
to each successive coil as they are stacked (coils 1-2, then 2-3, then 3-4, then 4-5, then 6-7). Two more bands are
secured around the entire stack through the center.

4. 1,500 coils are stacked two high. The first coil is banded to each of the four sides of the pallet. The second is
banded to the first coil. Two more bands are secured around the entire stack through the center.

5. The palleted stack is then shrink-wrapped twice and is ready to be loaded on a truck.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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4" IPS Sizes

%% Note: For 4"-6" sizes, a
hook is attached when a coil
is started, and the leading

- pipe edge is cut at a bias

to prevent damage to the
next coil layer. This is part of
the normal manufacturing
process and is not a defect
or damage to the product.

1. Before a completed coil is removed from the winder, the
coil is banded in three locations 120° apart at each layer of
the coil. Bands are used as necessary at the end of the coil
to contain the tail of the pipe. Caps are placed on the coil
ends.

2. The coilis then removed from the winder and is placed on
a 96" pallet. The first coil is banded to the pallet through
holes cut in the cardboard.

3. 500’ coils are stacked 2 high. The first coil is banded to the
pallet in two opposite corners. The second pallet is banded
in four opposite corners, providing more security for both coils.

4. The palleted stack is then shrink-wrapped and is ready to be loaded on a truck.

5. 1,000'+ coils are packaged individually using a special cradle pallet. The cradles hold the coils vertically, which
allows them to be handled easier in the field.

6" IPS Sizes

1. Before a completed coil is removed from the winder, the coil is banded in six locations 60° apart at each layer of
the coil. Bands are used as necessary at the end of the coil to contain the tail of the pipe. Caps are placed on the
coil ends.

2. 500’ coils are placed upright on a single cradle-style pallet. Coil is banded in four locations to the pallet.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Stick Packaging

2" IPS Stick Packaging Configuration
93 Sticks/Bundle

Stick Length (ft) Bundle Weight (Ibs) Stick Weight (Ibs)

Measures are approximate and may vary.

3" IPS Stick Packaging Configuration
50 Sticks/Bundle

Pattemn
; e '\
A AAANAAAN
B <ii> l’ A : A A A .
000000000000
13 YA 1ﬁiiiv Y N Y YW N W W W
Size SDR Material Stick Length (ft) Bundle Weight (Ibs) Stick Weight (Ibs)
20 1,363 27
MDPE
" 40 2726 55
20 1,378 28
HDPE
a0 40 2,755 55
20 1,310 26
MDPE
40 2,620 52
15
20 1,324 26
HDPE
40 2,648 53

Measures are approximate and may vary.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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4" IPS Stick Packaging Configuration
Pattem 30 Sticks/Bundle

Material Stick Length (ft) Bundle Weight (lbs) Stick Weight (Ibs)
20 1,352 45
MDPE
| 40 2,704 90
20 1,366 46
HDPE
40 2732 91
20 1,298 43
MDPE
40 2,597 87
15
20 1,312 44
HDPE
40 2,624 87
20 1123 37
MDPE
40 2,245 75
135
20 1135 38
HDPE
40 2,269 76

Measures are approximate and may vary.

6" IPS Stick Packaging Configuration
13 Sticks/Bundle

1 OO0
AN
T&JKJQJ

L

Y EYCTE] Stick Length (ft) Bundle Weight (Ibs) Stick Weight (Ibs)
20 1,269 98
MDPE
i 40 2,539 195
20 1,283 99
HDPE
40 2,566 197
20 1,220 94
MDPE
40 2,440 188
15
20 1,233 95
HDPE
40 2,466 190
20 1,056 81
MDPE
40 1,056 162
135
20 2,111 82
HDPE
40 2,134 164

Measures are approximate and may vary.

Figure 5: Teel's standard gas pipe packaging

Rev. Date: 1/26
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Introduction to SmartCoil Packaging

Teel transtioned its small OD gas pipe coils from intermediate banded coils to stretch
wrapped coils. We made this transition based on customer feedback and to improve
handling of the product during installation.

Benefits we feel our customers will receive from this change include the following:

« Reduced risk of damage to the pipe and injury to employees, as removing or cutting
banding will not be needed. Risk of the gas pipe springing loose after a band is cut will
be eliminated.

« Coils stacked on a silo/pallet will have improved integrity during shipping, unloading,
and in storage.

« There will be less field scrap as uncoiled product not used can easily be placed back
inside the stretch wrap.

« With an extra layer of stretch wrap protecting the gas pipe, surface damage during
shipping and handling will be reduced.

Figure 6: SmartCoil stretch-wrapped coil

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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SmartCoil Handling Guide

Removing Outer Wrap with Rip Cord

1. Begin unpackaging the palleted coils by removing only the green outer stretch wrap using the
provided rip cord. Do not remove the clear wrap securing the individual coils.

2. The orange rip cord is located underneath the green pallet wrap and the loose end is secured with a
rip cord label on the outside of the pallet for quick identification.

3. Grasp the orange rip cord firmly and pull it through the securing label.
4. Continue pulling to begin tearing through the green film until desired number of coils are accessible.

5. Only tear through the green film to the location needed for current use. The remainder of the green
film should stay intact to assist in keeping the coil stack stable if movement is needed.

6. When ready, tear through the last of the green film to access the last coil. The orange rip cord is
secured to the pallet and can be removed and discarded.

Pallet wrapped with greén Rip cord | cation. ;
outer wrap.

; . ‘ = ,A :“,",{‘
e TR E! ‘\ O — = 4
Continue pulling to tear Stop pulling when desired When ready, tear through

through green wrap. number of coils are remaining coils and discard
accessible. rip cord.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Removing Individual Coils from Pallet

1. Remove individually wrapped coils from pallet one at a time and carry or roll them to desired location
in the field. Do not remove the clear wrap securing the individual coils.

¥ _gg g - y by 8 IR A o
Individually wrapped coils on pallet. Roll or carry to location in the field.

Unwinding Coils

1. Unwind coil by first locating the inside pipe end. Pull it out in the direction it is pointing.

2. Do notremove, pull back, or peel off the plastic wrap. Cutting away the wrap to expose the
inner or outer layer of pipe can reduce the structural integrity of the coil.

Locate inner pipe and and pull out. Continue pulling in direction the pipe is
pointing.

& | \ P e s

Do not cut wrap from top. Do not cut wrap from bottom. '

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Plastics Pipe Institute Material Listings

Teel's 4710 and 2708 polyethlyene gas pipe materials are listed with the Plastics Pipe Institute
(PPI) as meeting applicable standards.

Search Results

‘ Company ‘ Designation Product Name
Teel Plastics, Inc. PE 2708 Teel MDPE Gas Pipe
o e @ (oo (oo o) (oo Grace
140 800 S 12/31/2028
73 1250 800 S* 12/31/2028
Displaying items 1 - 2 of 2
Teel Plastics, Inc. PE 2708 Teel MDPE Gas Pipe 2
73 1250 800 S* 12/31/2026
140 1000 S 12/31/2026
Displaying items 1 - 2 of 2
Teel Plastics, Inc. PA 42316 Teel PA-12
73 3150 1600 S 12/31/2026
140 2000 S 12/31/2026
Displaying items 1 - 2 of 2
Teel Plastics, Inc. PE 4710 Teel PE4710 Pipe 2
140 1000 S 12/31/2026
73 1600 1000 S* 12/31/2026
Displaying items 1 - 2 of 2
Teel Plastics, Inc. PE 4710 Teel PE4710 Pipe 4
73 1600 1000 S* 12/31/2027
140 1000 S 12/31/2027
Displaying items 1 - 2 of 2
Teel Plastics, Inc. PE 100 Teel PE4710 Pipe 4
68 10 S 12/31/2027
Displaying items 1 - 1 of 1

Figure 7: Teel's material listings

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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Qualification Testing for Joining Procedures

Teel's 4710 and 2708 material gas pipe can be joined using the procedures in ASTM F2620.
Teel joints made per ASTM F2620 passed the tests required in that standard, specifically
ASTM D638 (axial) Tensile Properties, Bend Back per ASTM F2620 Appendix X4, and Quick
Burst per ASTM D1599. Teel’s pipe is cell class 3 or 4 for melt and should able to fuse with
any other pipe material with the same melt flow classification.

Fusion Testing Summary

1. ASTM D638 tensile testing requirements specify that the percent elongation at break for
each test sample shall exceed 50%, which is beyond the yield strength of 2708 and 4710
material. Teel pipe tested at greater than 50% elongation with a butt fusion in the middle.

2. ASTM F2620 bend back testing specifies that to the unaided eye, test samples must not
show any indication of brittle cracking or crazing in the ID surface. The images below of
the tested samples show no cracking or separation.

3. ASTM 1599 quick burst testing requirements specify that test samples shall fail in a ductile
manner and not at the weld. Additionally, for the sizes of Teel pipe tested, the burst
pressure must equal at least 2520 psi hoops stress for 2708 material and at least 2900 psi
hoops stress for 4710 material. Teel's gas pipe samples failed in a ductile manner outside
of the fusion location and met the psi requirements.

Details

Below is fuller information on the results of each test preformed from the testing report by
the third-party testing firm, PSILAB (https://www.psilab.net/capabilities).

Tensile Properties: Tensile properties were determined in general accordance with ASTM
D638-14, Standard Test Method for Tensile Properties of Plastics. Test specimens were
machined into Type | specimens directly from the pipe walls with the full pipe wall thickness
intact. Each specimen was machined with the butt-fusion at the middle of the gauge area.
Testing was conducted at 2.0 inches/min using crosshead displacement for elongation

readings. Each specimen was taken to a minimum of 50% elongation.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com
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ASTM DE38 Tensile Properties - HDPE to HDPE

Sample #|Width , in| Thickness, in| Tensile Strength @ Yield, psi | Elongation @ vield, %
1 0.504 0.227 3,289 8.8
2 0.499 0.224 3,304 8.6
3 0.501 0.230 3,337 8.7
4 0.503 0.231 3,297 8.7
5 0.501 0.232 3,299 8.8
Average 3,306 8.7
Std. Dev. 19 0.1
ASTM D638 Tensile Properties - HDPE to MDPE
Sample #|Width , in| Thickness, in| Tensile Strength @ Yield, psi | Elongation @ yield, %
1 0.500 0.227 2,685 6.7
2 0.502 0.223 2,657 7.0
3 0.499 0.230 2,636 7.2
4 0.501 0.228 2,671 7.1
S5 0.503 0.227 2,615 6.9
Average 2,663 7.0
Std. Dev. 28 0.2
ASTM D638 Tensile Properties - MDPE to MDPE
Sample #|Width , in| Thickness, in| Tensile Strength @ Yield, psi | Elongation @ vield, %
1 0.499 0.230 2,502 10.0
2 0.500 0.221 2,535 10.1
3 0.500 0.228 2,577 99
4 0.501 0.227 2,589 10.1
5 0.499 0.228 2,575 9.8
Average 2,666 10.0
Std. Dev. 36 0.1

Figure 8: Teel's 4710 and 2708 tensile properties test data

Rev. Date: 1/26
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Figure 9: Teel's tensile properties test samples before and after testing
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Bend Back

Bend Back testing was performed in accordance with ASTM F2620-13, Standard Practice for
Heat Fusion Joining of Polyethylene Pipe and Fittings, Appendix X4, BEND BACK TESTING OF
FUSED JOINTS. Test specimens were machined into 1" x 12" test straps with the butt-fusion at
the midpoint of each strap. Five specimens from each sample group were tested.

Figure 10: Teel's bend back test samples after testing
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Quick Burst

Quick Burst testing was performed in accordance with ASTM D1599-18, Standard Test
Method for Resistance to Short-Time Hydraulic Pressure of Plastic Pipe, Tubing, and Fittings,
condition A. Five specimens from each of the three sample groups were tested. Although
ASTM D1599 requires rupture between 60 and 70 seconds, the client requested that only
three of the five quick burst tests for each of the three samples achieve burst within the
required 60 to 70 seconds. No dimensions were taken on the specimens per the clients’
request; therefore, actual hoop stresses for each test specimen were not determined.

ASTM 1599 Quick Burst - HDPE to HDPE
Sample Number |Sample ID| Time to Burst, sec | Burst Pressure, psi | Failure Mode

1 10 66 767

2 12 70 767 All samples

R — L el

4 14 68 759 of the fusion

0 15 69 761 locations.
Average 69 761

ASTM 1599 Quick Burst - HDPE to MDPE
Sample Number |Sample ID| Time to Burst, sec | Burst Pressure, psi | Failure Mode

1 441 65 612

2 42 65 617 Al samples.

T Z soe ] e e

4 a4 66 618 of the fusion

S 40 64 615 locations.
Average 65 614

ASTM 1599 Quick Burst - MDPE to MDPE

Sample Number [Sample ID| Time to Burst, sec | Burst Pressure, psi | Failure Mode
1 68 70 586

2 89 56 599 f _I'“'c'ls_amg'est.l

3 70 65 607 manner outside

4 4 64 600 of the fusion

> 75 70 88 locations.
Ave rage 67 596

Figure 10: Teel 2710 and 2708 quick burst test data
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Figure 11: Teel's 2710 and 2708 quick burst test samples after testing
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Field and Laboratory Performance Tests

Teel's 4710 and 2708 gas pipe have been field tested by third-party testing irm GTI (https://
www.gti.energy/). Each test and its results are included below.

HDD Installation Test

For this test, Teel MDPE and HDPE gas pipe samples were installed via HDD in GTlI's pipe
farm. Prior to installation, the following procedures were performed on each pipe:

1. Butt-fusion joints were made equidistantly along the length of the pipe in accordance
with PPI TR-33.

2. Squeeze-offs were performed equidistantly along the length of each pipe in accordance
with PPI TN-54.

The pipes were then pulled through clay soil and buried in clay under 60 psig internal air
pressure for up to six months. At time intervals of approximately 500, 1,000, 2,000, and 4,000
hours, three 16”-long specimens were randomly exhumed and subjected to quick burst
testing in accordance with ASTM D1599. Specimens were selected to include either a butt-
fusion joint or a squeezed-off location. A total of 24 quick bursts were performed (i.e., 12

tests for each pipe material).
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Above-Ground Installation Test

For this test, Teel MDPE and HDPE gas pipe samples were installed under 60 psig of internal
air pressure above ground on top of the HDD installation location in GTI's pipe farm. Prior
to installation, 12 coupling joints were made using either HDPE or MDPE socket fusion
couplings.

Socket fusions were performed in accordance with ASTM F2620-20, Standard Practice for
Heat Fusion of Polyethylene Pipe and Fittings. At time intervals of approximately 500, 1,000,
2,000, and 4,000 hours. Three 16"-long specimens of each pipe sample were randomly
extracted and subjected to quick burst testing in accordance with ASTM D1599. A total of 24
quick bursts were performed (i.e., 12 tests for each pipe material).
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Figure 13: Completed above-ground and HDD installations

Field Test Results

All of Teel's samples, both the butt-fused and squeezed-off assemblies HDD installed and

the socket-fused assemblies installed above ground, failed in a ductile manner when tested
according to ASTM 1599 and meet the hydrostatic burst pressure requirements of ASTM
D2513-18a. All sample failures occurred in the pipes and all the fusions were intact. Test result

summary data is below.

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com



. Teel 29

Table 3. Summary of HDPE Burst Test Results

Extraction Average Burst Average
Specimen Type Pressure Hoop Stress Failure Mode and Location

GTI Installation

Sample ID Method Frequen ) -

- — (psig) (psi)
500-h 814 + 2 3892 +8 Ductile rupture of pipe
1,000-h 820+9 3,958 + 46 Ductile rupture of pipe

202439 Above-ground Socket-fused assembl

9 Y [2000n  [835%5 3,996 = 22| Ductile rupture of pipe
4,000-h 788 + 6 3,747 £ 31 Ductile rupture of pipe
500-h 817 £ 13 3,863 £ 60 Ductile rupture of pipe
202444* HDD Butt-Fused and Squeezed- | 1,000-h 821+9 3,922 + 42 Duct!le rupture of p!pe
off assembly 2,000-h 836 + 4 3,999 + 19 Ductile rupture of pipe
4,000-h 792 £ 8 3,798 £ 28 Ductile rupture of pipe

* Sample ID assigned to butt-fused and squeezed-off assemblies made with HDPE Sample 202439

Table 4. Summary of MDPE Burst Test Results

GTI Installation . Extraction Average Burst Average . .
Specimen Type Pressure Hoop Stress Failure Mode and Location

Sample ID Method Frequency ) :
(psig) (psi)

500-h 663 + 0 3140 £ 2 Ductile rupture of pipe

202440 Ab d Socket-fused bl 1,000-h 680 £ 1 3217+ 1 Ductile rupture of pipe

ove-ground | socketlusedassembY  T2000-n | 688 : 2 3199 £ 8 | Ductile rupture of pipe

4,000-h 644 + 1 3,055 + 22 Ductile rupture of pipe

500-h 664 + 11 3,129 £ 52 Ductile rupture of pipe

- - | 1,000-h 6737 3,170 £ 32 Ductile rupture of pipe

202445+ HDD Butt-Fused and Squeezed ! p p_p
off assembly 2,000-h 677 +9 3,164 = 34 Ductile rupture of pipe
4,000-h 655+ 6 3,083 + 48 Ductile rupture of pipe

* Sample 1D assigned to butt-fused and squeezed-off assemblies made with MDPE Sample 202440

Figure 14: Field test summary data

Laboratory Testing
GTl also performed a series of lab tests on Teel's gas pipe, Each test type is listed below with
its purpose:

1. Long-term Hydrostatic Strength (LTHS) Tests

. Long-term installed pipe performance tests predicting the life of Teel gas pipe
installations

2. Dynamic Thermo-Mechanical Analysis (DTMA)
i. Determine the visco-elastic characteristics of the material

3. Tensile Testing
I. Tested in accordance with ASTM D638 die cut from the pipe
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Long-term Performance of Teel Pipe

To determine Teel gas pipe’s long-term performance, GTI performed LTHS tests on one

set of PE2708 MDPE Teel pipe and one set of PE4710 HDPE Teel pipe. The LTHS tests
were performed at 23°C, 40°C, 60°C, and 80°C. The results are shown below

in figure 14 and figure 15. The model curves on these figures are the GTI
lifetime prediction model (LPM) fitted to the LTHS data and using the horizontal
activation energy obtained by DTMA.

1900 Teel PE2708
& 23°CData
1800 40°C Data
® 60°CData
1700 ® B0°CData
23°C Model
1600 - 40°C Model
60°C Model
——— 80°C Model
1500 Shifted 40°C Data
1400 ' Shifted 60°C Data
- Q ©  Shifted 80°C Data
g, |
1300 \eaf\o—e\
’E‘ 1200
S
@ 1100 |-
2
m —
o | T ——
& 1000 ——
:CE' T
o
““10-4__________
900 [ —
_-\__-___‘““—-—____\_
800 [
Tref=23°C
C=1574 [psi/h]
700 n=78.03
H=21223 [cal/(mol*K]
V=1379 [cal/(mol*K]
k=0.009437 [1/K]
500 L | L Loa | L Loaa | Loy el L | L | creald L L caeaal
10” 10° 102 10°% 104 109 108 107
Time to Ductile Failure [h]

Figure 15: PE2708 LTHS test results. LPM parameters are shown in bottom right text box.
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Teel PE4710

19
00 ®  23°C Data
1800 |- 40°C Data
®  B0°C Data
1700 ® B0°C Data
23°C Model
-—-a
1600 —— 40°C Mode!
w 80°C Model
— B0°C Model
1500 o Shifted 40°C Data
O Shifted 50°C Data
1400 - O Shifted BO°C Data
1300
—
=200
a ——i
m _-_\_\‘_\_-_‘_‘—‘-—_
@ 1100 | EEna =¥ NP
g w_____m
7] ——
[« T
g 1000 i
I
900 \
-
800 s &
Tref=23°C
C=1847 [psifh]
700 n=71.52
H=20212 [cal/(mol"K]
V=1392 [cal(mol*K]
k=0.008287 [1/K]
BOO L ] ]| [ R R [ R | [ R ¥ - Ll L L sl
10" 10" 10° 10° 10 10° 108 107

Time to Ductile Failure [h]

Figure 16: PE4710 LTHS test results. LPM parameters are shown in bottom right text box.
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The performance quality of Teel's gas pipe was then examined by evaluating the LTHS
performance versus a virtual upper performance bound. The upper performance bound was
established by taking the highest engineering yield stress that was obtained by the 1-hour

break tensile tests at 23°C and using it as the 1-hour intercept in the LPM model.
The resulting "best yield” reference curves for the PE2708 and PE4710 are shown
in figure 16 and figure 17 below.

Equivalent stress intensification factors (SIFs) were obtained by the ratio of the
"best yield” model to the actual LTHS test data. The SIFs were then plotted on a
histogram for inspection of their distribution (figures 18 and 19). The distribution
reflects the manufacturing quality of the pipe, where the tighter the distribution,
the higher the quality. Both material sets exhibited tight SIF distributions with a
similar mean SIF.

500 Teel PE2708 :
2400 | & 23°CData
__________ 40°C Dala
2300 S SRl ®  60°CData
2200 Tl ® B1°CData
DT I I o 23°C Madel
T —alall L 40°C Model
L I 1 1 U I 7 I I I 1/ S IR A A D -l 60°C Madel
1600 |- 80°C Model
1800 Shifted 40°C Data
O Shifted 60°C Data
1700 - O Shiftad 80°C Data

= === 23°C Bes! Yield C=2380 [psi/h]
1600

e \-&@“‘
e t00p o R

1200

a a
L
p=1
(=]

Haop Stress [psi]

1000 T e

TTes-a
€00 e
800 -
—_— Tref=23°C
— G=1574 [psi/h]

700 D n=78.03

T ——— H=21223 [cal/(mol"K]

T r— V=178 [call{mol K]
Tl ] k=0.009437 [1/K]
&0 el el il il L | i | L il
100 10! 10° 10° 10! 108 10° 107

Time to Duclile Failure [h]

Figure 17: PE2708 LTHS test results with "best yield reference curve.
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Figure 18: PE4710 LTHS test results with "best yield reference curve.
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1.495 1.5 1.505 1.51 1.515 1.52 1.525 1.53
Equivglent SIF relative LPM with best yield stress as intercept at 1-hour

Figure 19: PE2708 LTHS SIF histogram with normal distribution fit. Mean SIF=1.5124.
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5 — —
4 — —
3 — —
2 — —
1 — —
1 | | I
1.52 1.53 1.54 1.55 1.56 1.57 1.58 1.59 1.6 1.61
Equivglent SIF relative LPM with best yield stress as intercept at 1-hour
Figure 20: PE4710 LTHS SIF histogram with normal distribution fit. Mean SIF=1.5656.
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Manufacturer’s Letters of Compliance

Teel

Subject: Applicability of ASTM F2620 Standard Practice for Heat Fusion Joining of
Polyethylene Pipe and Fittings

Original: August 1%, 2019
Rev: December 12, 2024

This letter is to verify that Teel Pipe, LLC and Teel Plastics, LLC have conducted testing for
fusion of their HDPE and MDPE piping products for the gas distribution market. Pipes produced
using a qualified process at Teel were fused to commercially available products using ASTM
F2620-13, which is based on PPI’s TR-33. Samples were made fusing MDPE to MDPE, HDPE
to HDPE and MDPE to HDPE. The samples were tested using ASTM D638 (axial) Tensile
Properties, ASTM F2620 Bend Back, and ASTM D1599 Quick Burst. Results were acceptable
for all samples in all tests.

Teel Pipe hereby approves the use of the fusion procedure contained in ASTM F2620-19 for use
on its HDPE and MDPE pipe products.' The pipe is marked “E” in accordance with ASTM
D2513-20, Table 5, Footnote C to indicate the applicability of the generic fusion procedure and
the acceptability of fusing these products to other products marked “E”.

Sincerely,

Christian Herrild
Dir. Growth Strategies
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Teel

Subject: Squeeze-off for Teel High Density and Medium Density Polyethylene Pipe

December 9, 2025

This letter verifies that Teel Pipe, LLC and Teel Plastics, LLC have conducted testing for
squeeze-off on their HDPE and MDPE piping products for the gas distribution market. Pipes
produced using a qualified production process at Teel were successfully squeezed off without
damage. The squeeze-off procedure used followed the general guidelines and procedure
available in PPI TN-54 General Guidelines for Squeezing off Polyethylene Pipe in Water, Oil
and Gas Applications which is the basis for ASTM F1041 Standard Guide for Squeeze-Off of
Polyolefin Pressure Pipe and Tubing.

The use of TN-54 for performing squeeze-off on Teel’s polyethylene products is appropriate
provided the procedure used complies with the requirements of the squeeze tool manufacturer
and is performed in a responsible manner by trained and qualified personnel following all
necessary safety guidelines. Teel cannot guarantee or warrant the TN-54 procedure is
appropriate for, or will work in, all field situations and applications.

Sincerely,

Christian Herrild
Dir. Growth Strategies
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ASTM D2513 Testing Schedule

Teel tests its gas pipe products in compliance with ASTM D2513. In certain instances, Teel
exceeds the standard’s requirements, testing more frequently. The tests performed are
below, and those highlighted in yellow indicate where Teel exceeds the ASTM standard

requirements.

Material Requirements

General 41 5 years 5 years PPI
Rework Material 4.2 Virgin only Virgin only Teel Plastics
Documentation 4.3 All Production Work Orders | All Production Work Orders Teel Plastics
Classification 4.4 All material lots All material lots Material supplier
Resistance to Slow Crack Growth 4.5 All material lots All material lots Material supplier
Additive Classes 4.6 All material lots All material lots Material supplier
Thermal Stability 4.7 All material lots All material lots Material supplier
Hydrostatic Design Basis Substantiation 4.8 All material lots All material lots Material supplier
Resistance to Rapid Crack Propagation 49 All material lots All material lots Material supplier
UV Resistance 4.10 All material lots All material lots Material supplier
Melt Index/Density 5.60 Not Required All material lots Teel Plastics
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Pipe Requirements

General 5.1 All Production Work Orders | All Production Work Orders Teel Plastics

Workmanship 5.2 All Production Work Orders | All Production Work Orders Teel Plastics

Pipe and Tubing Dimension and Tolerance 5.3 All Production Work Orders | All Production Work Orders Teel Plastics

and QA Inspection

Minimum Hydrostatic Burst Pressure 54 All Production Work Orders - | All Production Work Orders - Teel Plastics
Start up/Once Weekly Once/Shift

Chemical Resistance 45 1x 1x Material supplier

Melt Index/Density 5.6 1x - All Production Work Orders Teel Plastics

Melt Index Only

Sustained Pressure S 2X per year (per size and 2x per year (per size and Teel Plastics
material <2 and >2.5") material <2 and >2.5")

Elevated Temperature Service 5.8 1x 1x Material supplier

HDB Validation for PE Pipe 52 1x 1x Material supplier

Resistance to Rapid Crack Propagation 5.10 1x 1x Material supplier

Inside Surface Ductility 511 1x All Production Work Orders Teel Plastics

Squeeze Off 512 1x 1% Teel Plastics

Heat Fusion 5.13 1x 1x Teel Plastics

Figure 21: Teel's testing schedule in compliance with ASTM D2513
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Operator Training Program and Leadership

+ Separate onboarding is completed for all employees before they are put into production
roles

« QOperators progressively complete pre-defined skill blocks to gain competency in different
areas and move into more advanced positions

« Operators start as packers learning how to pack increasingly larger sizes of pipe
» Once packaging skills are acquired, operators then begin learning technician-level skills

+ Leadership structure consists of a supervisor, lead, and operator-technician Ill for each 12-
hour shift, giving layered technical and managerial support

SKILL DEVELOPMENT MAP

Skill Block Deparlinenl: |Ppe 4«| | Crpieyes Casnboard

IC Leadership Essentials OTII (18)

IC OPTII SB3 (122)

IC OPTII SB1 (119)

l ]
l ]
[ IC OPTII SB2 (120) |
l ]
[ IC Train the Trainer OTI (13) |

IC OTI SB1 Pressure IC OTI SBE1 Multiduct IC OTI SB1 IC OTI SB1
Pine Special 116 Microduct CIC Specialty Conduit Anox Specialty
£z =EEL e (2 ) (118) Specialty (87) (115)

[ IC OTI SB1 (114) ]

[ IC Operator Packer SB2 (113) ]

[ IC Operator Packer SB1 (112) ]

Figure 22: Industrial pipe operator skill blocks
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Inline Moisture Monitoring

Teel incorporates a unique
moisture control process for its
gas pipe products. Instead of
batch drying, which is subject to
variation, Teel uses continuous
moisture monitoring and control.
The resin and masterbatch

used are fed into a dryer with a
moisture probe. The moisture
probe allows the level of residual
moisture in the raw material feed
to be monitored, and drying
times are determined dynamically
in response to the information.
This saves time and energy by 1
changing time or temperature | & r jja
used for drying to keep moisture ' e
levels within target. Dynamically
monitoring the moisture levels
prevents issues if there is especially
wet resin or masterbatch that
arrives wet. It can provide an alert
if the drying malfunctions before

it effects the extrusion process or
product quality.

Figure 23: Teel’s inline moisture monitor
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Inline Gauging

Sikora X-Ray Technology

Teel uses Sikora X-Ray technology for inline gauging. The Sikora units measure in 2-axis
and determine wall accuracy to 0.0002". The system scans three times per second, meaning
at 25fpm, it achieves 7.2 scans per foot. Part temperature is not a factor in the Sikora’s
operation. Below is a white paper with a fuller explanation of how it works.

Figure 24: Teel's Sikora units inline
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Teel

Teel Pipe: Small Diameter Gas Pipe In-Line Inspection
January 27, 2022

Background
Teel Pipe produces coil and stick GAS pipe for sizes <1.00CTS on a specialized line using a SIKORA X-RAY

6000 PRO series measurement device for continuous in-line inspection of the pipe.

SIKORA AG, headquartered in Bremen, Germany, is the supplier of this technology and have
been producing inline measurement and control products since 1973. Teel has SIKORA
been using X-ray technology for in-line inspection of our products since 2016. Technology To Perfection
Teel selected this technology for use in highly regulated markets because of the ease of
operation and data acquisition for quality control as well as the ease of operator interface.

Inspection Process
The SIKORA X-RAY 6000 PRO uses X-rays instead of sound for measurement and data collection.

The use of X-rays means the data is not subject to issues from water quality or part
temperature as ultrasonic devices are. While in operation, the X-RAY 6000 PRO captures data
on the pipe three times per second. This cycle is completed in a very short aperture time of 3ms
- bms or less, which eliminates any vibrational impact. The device uses linear X-ray sensors with
>3,000 pixels to ensure highest accuracy.

Data collected includes OD, ID, ovality, wall thickness, minimum wall thickness, concentricity,
and eccentricity. The values are correlated to offline inspection reports for final part
dimensions to take account of any shrinkage.

The logic of the inspection cycle utilizes intensity to determine Zo5iT

its measurements. As the X-rays travel through the pipe, the
material causes attenuation with crisp start and stop points. 100 %
The start and stop points of high attenuation are represented

graphically in the image at right and correspond to wall
thickness. The distance the radiation travels through the pipe | R
wall is inverse to the intensity.

—A short distance results in high intensity and a strong signal 0 %
600 800

—>A long distance results in low intensity and a weak signal
The areas shown in the graph are created for two axes showing four distinct wall segments.

These walls are measured in real time as the process is running. On a product running 25 feet
per minute, or five inches per second, a three measurement per second frequency results in a

www.teelpipe.com |Copyright 2022 Teel Plastics. All Rights Reserved.
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scan every 1.66" of the pipe. This scan is captured and averaged with three other scans to
provide a value for the wall thickness. This data is then processed to determine average and
minimum wall thicknesses. The averaging of scans is needed to create a hest-fit model for inner
and outer wall.

Post capture analyzing, which also happens in real time, fits the wall measurement points into
two overlapping rectangles. These rectangles each have an ellipse fit into them using a best-fit
method and the tangent points of the defined rectangles. One ellipse is the outer wall of the
pipe, and the second ellipse is the inner wall of the pipe. The analysis of these two ellipses
allows the maximum and minimum wall thicknesses to be determined within a few degrees of
accuracy compared to physical measurements of the pipe. It also allows the wall thickness at
any point of the part (360°) to be determined with high accuracy.

A Visual Step-Through of the Process

Mone-layer product
|

> YXraycameras — > X-mycamerss

1-We start with the object and the X-ray cameras. 2-The system flashes (3Hz). Cameras measure the
intensity.

3-Grey lines mark the areas, where changes will appear. 4-Attenuation causes a change of intensity on the
cameras.

K/."/_\ W
7 A
1 i
\ y
b £
\ / ‘ 1
e e
5-Shown intensity- curves are the result of changed intensity. 6-Shown intensity- curves are the result of changed

intensity

www.teelpipe.com |Copyright 2022 Teel Plastics. All Rights Reserved.
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7-Points where changes in attenuation appear are clearly identified  8-The width of each intensity-drop defines a beam.
A.  Juncture of the 4 beams defines a rectangle.
B. (Here a rectangle with similar side-lengths =

square)
L]
|
T,
1 )
SV c— Y S

9-This rectangle consist of an inner- and outer rectangle. 10-This rectangle consist of an inner- and outer
rectangle.

)

— — | 4B

11-The rectangles define two circles 12-If the ellipse is not perfectly round, we see a
->the inner and outer @ tangent points more realistic example as above:
A. Position of both ellipses are clearly defined.
B. Eccentricity and ovality can clearly be identified
C. This allows determination of the wall-thickness
at every point.
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Ellipse Model Ovality
Model of Ovality capture showing the difference in long and short axes in the pipe using the correlating

low or high intensity signal. This will determine the ovality using a standard max minus min calculation.

X-ray Xray.
camergs ) camergs

Ellipse model - Eccentricity
Model of Eccentricity capture showing the difference in long and short distance and the correlating low

or high intensity signal. This will determine the area of minimum wall thickness and the relative center

point of the two ellipses.

X-ray
cameras

X-ray
LOMESras,
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Summary

The X-ray inspection method measures the differences in low and high intensity signal. This shows wall
thickness and uses ellipse-based analysis to model the pipe wall. The process outlined completes a full
cross-sectional analysis of the pipe product (in 360°). Using elliptical data combined with eccentricity
models enables a SIKORA X-RAY 6000 PRO to determine the min wall thickness location on the pipe
within a resolution of 1°. The data can be accessed, saved, and stored for future reference.
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Digital Display of Output in use at Teel —upper
right component illustrates the Min. Total Wall
Thickness as an example.

Diagrams courtesy of Sikora USA. For more information, please go to X-RAY 6000 PRO - Sikora

Please contact Teel Pipe for any questions on content or for more information on pipe.

Steve Schick
Chief Technical Officer — Teel Plastics LLC
sschick@teel.com

Christian Herrild

Director of Growth Strategies — Teel Plastics LLC
cherrild@teel.com

608-355-3080

www.teelpipe.com |Copyright 2022 Teel Plastics. All Rights Reserved.

Figure 25: Teel's small diameter gas pipe in-line inspection white paper

Rev. Date: 1/26 Teel Pipe, LLC @ 1060 Teel Court, Baraboo, WI 53913 @ 608-355-3080 e www.teel.com



. Teel a8

Gas Pipe Joining Procedures

Polyethylene Gas Pipe Hydraulic Butt Fusion Procedure

Introduction

This document has been developed to assist workers responsible for the butt fusion joining of Teel Plastics
piping products used in gas and energy applications. This procedure is in alignment with ASTM F2620
Standard Practice for Heat Fusion Joining of Polyethylene Pipe and Fittings. Refer to ASTM F2620 for more
specific butt fusion information, guidance, and safety information when using #28, #412, and #618 fusion
machines.

Equipment

The equipment needed for hydraulic butt fusion includes the proper hydraulically operated butt fusion
machine for the pipes being fused, a facing unit, a heating unit for heating the ends of the pipe and the
proper inserts for the pipe sizes to be butt fused. Pipe support rollers and stands are also needed to bring the
pipes to be fused in alighment with the fusion machine centerline. With the McElroy #28 Fusion Machine, a
120VAC power supply is needed so a generator is usually required. Consult the fusion machine
manufacturer’s information on the generator size required. Some hydraulic butt fusion machines are self-
contained and have their own generator.

Set-Up Guidelines

1. Make sure that the butt fusion equipment used meets the manufacturer’s specifications and is in good
working order before using.

2. Make sure the fusion machine operator has been trained properly on the hydraulic butt fusion machines
being used, typically in accordance with ASTM F3190.

3. Set-up the fusion machine in a level area if possible. If the hydraulic carriage is removed from the rolling
or track carriage and operated at ground level, pipe rollers are available for better alignment to the fusion
machine centerline and to protect the pipe as it is pulled down the pipeline.

4. |If the hydraulically operated fusion machine is being operated on the carriage, install a pipe support
stand or McElroy PolyPorter®, about half the length of the pipe
segment to be installed, on both ends of the fusion machine to help

with alignment.

5. Check the print-line on the pipe to be butt fused to make sure it meets
the pipe specified for the job.

6. Make sure the proper pipe size inserts are installed in the fusion
machine clamps to match the pipe OD to be butt fused.
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Procedure

Note: See ASTM F2620 Section 8 for the complete butt fusion procedure.

After setting up the pipe supports and starting the fusion machine, plug in the heating unit to the
appropriate voltage outlet on the fusion machine carriage. Set the heater temperature to approximately
440° F and allow time to heat up before proceeding with the fusion process. The heater’s surface
temperature should be 425° F £ 25° F. This should be confirmed before each fusion with an infrared or
surface pyrometer in center area of the heater surface.

Setting Hydraulic Pressures for Steps in Fusion Process

If using a McElroy #28, #412 or #618 fusion machine, shift the front selector valve, on the front of the
hydraulic manifold, to the up position (FACE). Then shift the top lever valve to the left until the movable
carriage bottoms out. Adjust the top pressure reducing valve until the gauge reads less than 100 psi. Then
move the front selector valve to the middle position (HEAT) and adjust the middle pressure reducing
valve as low as possible. Then move the selector valve to the bottom position (FUSE) and set the pressure
to about 150psi until actual fusion pressure is calculated.

Clean, Install, and Clamp

Clean the pipe ends, before placing in the fusion machine, with a clean, dry, lint-free cloth like cotton. Set
the pipe ends into the fusion machine with the ends protruding inside the inner jaws about 1" -1 %4” and
clamp the pipes until firm resistance is felt. Tighten the outer jaws slightly more to prevent slippage.

Face

Install the facing unit into the fusion machine between the two pipe ends. Shift the front selector valve to
the up position (FACE), turn on the facing unit and shift the top carriage control valve to the left to bring
the pipe ends in contact with the facing unit. Adjust the Facing pressure reducing valve up or down as
needed to keep the pipes in contact with the facing unit
but not causing it to stall. Continue the facing until the
facer body meets mechanical stops. Turn the facer off and
wait for it to stop, shift the top carriage control valve to
the right and open the carriage. Stop the carriage and
remove the facing unit and the pipe shavings from the
machine. Brush any loose shavings away from the pipe
ends with a clean, dry, lint-free cloth. Do not touch the
pipe ends with your hand or anything that could
contaminate the pipe ends.
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Align

Bring the pipe ends together at the facing
pressure and check for any “hi-lo” OD
misalignment or gaps. If there is a little
misalignment, always tighten the high side
down. Then snug both clamp knobs down a
little to prevent slippage. There should be no
gaps between the pipe ends before heating.

At this point, you need to read the Drag
Pressure of the carriage on the gauge. To do

this, you need to move the top carriage
control valve to the left until the pipe ends
are about 2” apart and move the carriage control valve to the center position to stop the carriage. Move the
selector valve to the middle position (HEAT) and then shift the top carriage control valve to the left and read
the pressure on the gauge. If the carriage does not move, adjust the middle pressure reducing valve slowly
until the carriage starts moving and read the pressure. On most high force machines, this is between 30-
50psi with one stick of pipe in the movable jaws. Let the pipe ends meet. The next step is to calculate the
fusion joining pressure for the pipe that is being joined. For this, you will need the pipe size and DR (i.e. 4”
IPS DR11) and have the McElroy McCalc app installed and open on your phone, IPad or computer. Input the
information requested on the fusion machine being used, select the ASTM F2620 procedure, input the pipe
size and DR or wall thickness, input 75psi for the interfacial pressure and input the Drag Pressure. The App
will calculate the fusion pressure to set on the machine. Shift the selector valve to the bottom position (FUSE)
and adjust the pressure with the bottom pressure reducing valve to the pressure indicated on the McCalc
app.

Formula

The formula for calculating the fusion pressure set on the fusion machine is:

Pipe Area (in?) x Interfacial Pressure (75 psi)
Pressure (gauge) (psi) = + Drag Pressure
TEPA (in?) of Fusion Machine (psi)

Heat

Verify the heater surface temperature is 425 degrees F + 25° F with a pyrometer. Clean the heater faces with
a clean, dry, lint-free, non-synthetic cloth like cotton and install the heater on the guide rods of the fusion
machine between the two faced pipe ends. Shift the Selector valve to the (FUSE) position and shift the
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carriage control valve to the left to bring the pipe ends against the heater. Once in complete contact and an

indication of melt is observed around the pipe circumference, shift the front selector valve to the center
position (HEAT) and then shift the top carriage control valve to the center position to lock the carriage
position. This is the start of the heat soak cycle and you should not apply hydraulic pressure during this time.
Heat the pipe ends until the proper melt bead size is formed between each heater surface and pipe ends. For
14” pipe and larger, there is a minimum heat soak time of 4.5 minutes per inch of pipe wall thickness that
must be met in addition to the bead size before removing the heater. See Table 3 in Section 8 of ASTM F2620
fusion standard for the minimum melt bead size to reach before removing the heater.

Material Options Mat. | Heater Surface | Melt Bead | Max. Heater Plate | Min. Cooling Time
Temp. (°F) Size (IN) Removal Time (MINS)
(SECS)
2" IPS - SDR 11 Yellow MDPE 425+ 25 1/16 8 2.38
2" IPS - SDR 11 Black/Yellow Stripe HDPE 425+ 25 1/16 8 2.38
4" IPS - SDR 11.5 Yellow MDPE 425 £25 3/16 10 4.3
4" IPS - SDR 11.5 Black/Yellow Stripe [HDPE 425 +25 3/16 10 4.3
6" IPS-SDR 11.5 Yellow MDPE 425+ 25 3/16 15 6.34
6" IPS - SDR 11.5 Black/Yellow Stripe |HDPE 425 + 25 3/16 15 6.34

Remove the Heater

After achieving the proper melt bead size, shift the
front selector valve to the bottom position (FUSE)
and then shift the top carriage control valve to the
right to open the movable jaw of the machine until
both pipe ends separate from the heater. Stop the
carriage by shifting the top carriage control valve
to the center position. Remove the heater, inspect
the pipe ends for the proper melt pattern (smooth
with no marks or contamination). Then bring the

pipe ends together by shifting the top carriage
control valve to the left. The melt beads will roll

back to the pipe surface. Maintain that hydraulic pressure for the entire cool cycle.

In Table 6 in Section 8 of the ASTM F2620 fusion standard, you will find the maximum time allowed to open
the carriage, remove the heater and bring the pipe ends together for the fusion cycle. This depends on the

pipes wall thickness.
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Fuse/Cool

Let the fusion joint cool in the machine for a minimum of 11 minutes per inch of wall thickness (i.e. %2 wall
pipe will need 5.5 minutes of cool time minimum).

An additional 30-60 minutes of cooling time is recommended prior to rough handling or backfilling of the

pipe depending on pipe wall thickness and ambient temperature.

Inspect

After the cool cycle is completed, move the top carriage control valve to the center position and unclamp
the jaws from the pipe. Visually inspect the fusion joint for the proper bead appearance. It must have a
complete and uniform double rollback. Inspect the bead for signs of contamination. Refer to ASTM F2620

for visual acceptance pictures and illustrations.

Pictures provided by McElroy Manufacturing, Inc.

This procedure is provided by Teel Pipe LLC as a service to our customers. Before using the pipe, the user is required to make their own determi-
nation and assessment of the safety and suitability of the pipe and this procedure for their specific use and is further advised against relying on
this procedure in lieu of a properly documented and implemented training system for individuals performing fusion. Itis the user’s ultimate
responsibility to ensure that the pipe and procedure is suited for their specific application. TEEL DOES NOT MAKE, AND EXPRESSLY DISCLAIMS,
ALL WARRANTIES, INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, REGARDLESS OF WHETHER ORAL
OR WRITTEN, EXPRESS OR IMPLIED, ARISING FROM ANY USAGE OF ANY TRADE, OR FROM ANY COURSE OF DEALING IN CONNECTION WITH US-
ING INFORMATION CONTAINED HEREIN. The user expressly assumes all risk and liability, whether based in contract, tort or otherwise, in con-
nection with using this information or the pipe itself. The procedure may change periodically without notice. Visit our website for the most cur-
rent data sheet. Publication Date 1/21/20.
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Polyethylene Gas Pipe Manual Butt Fusion Procedure

Introduction

This document has been developed to assist workers responsible for the butt fusion joining of Teel Plastics
piping products in the gas and energy applications. This procedure is in alignment with ASTM F2620 Standard
Practice for Heat Fusion Joining of Polyethylene Pipe and Fittings. Please refer to ASTM F2620 for more
specific butt fusion information, guidance, and safety information when using manually powered fusion
machines

Equipment

The equipment needed for manual butt fusion include the proper manually operated butt fusion machine for
the pipes being fused (such as the McElroy #2LC, Pit Bull®14 and Pit Bull®26), a facing unit, a heating unit for
heating the ends of the pipe, and the proper inserts for the pipe sizes to be butt fused. Pipe support rollers
and stands are also needed to bring the pipes, to be fused, in alignment with the fusion machine centerline.
A 120VAC power supply is required so a generator is usually required. Consult the fusion machine
manufacturer’s information on the size generator required.

Set-Up Guidelines

1. Ensure the fusion equipment used meets the manufacturer’s
specifications and is in good working order before using.

2. Make sure the fusion machine operator has been trained
properly on the manual butt fusion machines being used,
typically in accordance with ASTM F3190.

level, pipe rollers are available for better alignment to the fusion machine
centerline and to protect the pipe as it is pulled down the pipeline.

4. If the manually operated fusion machine is equipped with a stand, install a
pipe support stand or McElroy PolyPorter®, about half the length of the
pipe segment to be installed, on both ends of the fusion machine to help

with alignment.
5. Check the print-line on the pipe to be butt fused to make sure it meets the pipe specified for the job.

6. Make sure the proper pipe size inserts are installed in the machine clamps to match the pipe OD to be
butt fused.
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Procedure

Note: See ASTM F2620 Section 8 for the complete butt fusion procedure.

After setting up the fusion machine and the pipe supports, plug in the facing unit and the heating unit to
the appropriate voltage outlet (usually 120VAC). Set the heating tool’s temperature to approximately
440° F and allow time to heat up before proceeding with the fusion process. The heaters surface
temperature should be 425° F £ 25° F. This should be confirmed before each fusion with an infrared or

surface pyrometer in center area of the heater surface.

Clean, Install and Clamp

Clean the pipe ends, before placing in the fusion machine, with a
clean, dry lint-free cloth like cotton. Set the pipe ends into the fusion
machine with the ends protruding inside the jaws about %" and clamp

the pipes until firm resistance is felt.

Face

Install the facing unit into the fusion machine between the two
pipe ends. Turn on the facing unit and manually move the movable
jaw to make the facing unit meet both pipe ends. Keep constant
light pressure against the facing unit until the facer body bottoms
out on the mechanical stops. Turn the facer off, back off the
movable jaw and remove the facer and shavings from the machine.
Brush any loose shavings away from the pipe ends with a clean, dry

lint-free cloth. Do not touch the pipe ends with your hand or

anything that could contaminate the pipe ends.

Align

Bring the pipe ends together and check for any “hi-lo” OD
misalignment or gaps. If there is a little misalignment, always tighten
the high side down. Then snug both clamp knobs down a little to
prevent slippage. There should be no gaps between the pipe ends

before heating.
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Heat

Verify the heater surface temperature is 425° F + 25° F with a
pyrometer. Clean the heater faces with a clean, dry lint-free cloth like
cotton and install the heater on the guide rods of the fusion machine
between the two faced pipe ends. Bring the pipe ends against the
heater with light force to ensure full contact. Engage the locking cam if
one is available. This is the heat soak cycle and you should not apply
any force during this time. Heat the pipe ends until the proper melt
bead size is formed between each heater surface and pipe end. (For 2”
and 3” IPS pipe sizes, a 1/16” bead on each side of the heater should
be attained. For 4” through 8” IPS pipe sizes, a 3/16” bead on each
side of the heater should be attained.)

MDPE 425+ 25 1/16 . 8 2.38

2" IPS - SDR 11 Yellow

2" IPS - SDR 11 Black/Yellow Stripe |HDPE 425 +25 1/16 8 2.38
4" IPS - SDR 11.5 Yellow MDPE 425 +25 3/16 10 4.3
4" IPS - SDR 11.5 Black/Yellow HDPE 425 +25 3/16 10 4.3
Stripe

6" IPS-SDR 11.5 Yellow MDPE 425 +25 3/16 15 6.34
6" IPS - SDR 11.5 Black/Yellow HDPE 425 +25 3/16 15 6.34
Stripe

Remove the heater

After achieving the proper melt bead size, open the movable jaw of
the machine until both pipe ends separate from the heater. Remove
the heater, inspect the pipe ends for the proper melt pattern

(smooth with no marks or contamination). Then bring the pipe ends
together and applying just enough force to have the melt beads roll

back to the pipe surface. Hold that force for at least 10-15 seconds
and if the machine has a locking cam engaged, you can stop

applying force and wait for the joint to cool.
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Fuse/Cool

Let the fusion joint cool in the machine for a minimum of 11 minutes per inch of wall thickness (i.e. 15" wall
pipe will need 5.5 minutes of cool time minimum). If the fusion machine does not have a locking cam, then
the fusion force will need to be manually held for the entire cool time.

An additional 30-60 minutes of cooling time is recommended prior to rough handling or backfilling of the
pipe depending on pipe wall thickness and ambient temperature.

Inspect

Visually inspect the fusion joint for the proper bead appearance. It must have a complete and uniform
double rollback. Check the bead for signs of contamination. Refer to ASTM F2620 for visual acceptance
pictures and illustrations.

Pictures provided by McElroy Manufacturing, Inc.

This procedure is provided by Teel Pipe LLC as a service to our customers. Before using the pipe, the user is required to make their own determi-
nation and assessment of the safety and suitability of the pipe and this procedure for their specific use and is further advised against relying on
this procedure in lieu of a properly documented and implemented training system for individuals performing fusion. Itis the user’s ultimate
responsibility to ensure that the pipe and procedure is suited for their specific application. TEEL DOES NOT MAKE, AND EXPRESSLY DISCLAIMS,
ALL WARRANTIES, INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, REGARDLESS OF WHETHER ORAL
OR WRITTEN, EXPRESS OR IMPLIED, ARISING FROM ANY USAGE OF ANY TRADE, OR FROM ANY COURSE OF DEALING IN CONNECTION WITH US-
ING INFORMATION CONTAINED HEREIN. The user expressly assumes all risk and liability, whether based in contract, tort or otherwise, in con-
nection with using this information or the pipe itself. The procedure may change periodically without notice. Visit our website for the most cur-
rent data sheet. Publication Date 1/21/20.

Figure 26: Teel's gas pipe fusion documents
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