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” MONTANA-DAKOTA

V° UTILITIES CO

A Division of MDU Resources Group, Inc

400 North Fourth Street
Bismarck, ND 58501
(701) 222-7900

Jue 3, 2002 RECEIVED
Executive Director JUN 0§ 2032
Deborah Elofson

South Dakota Public Utilities Commission %?H_T# E%Aég&ﬁfgsﬁgg
State Capitol Building

500 East Capitol Avenue

Pierre, SD 57501-5070

Re: Waiver Request; 49 CFR Part 192, Paragraph 192.59(a)(1) (ASTM
D2513) Plastic Pipe Materials

Dear Ms. Elofson:

Martin Bettman of your office advised Montana-Dakota Utilities Co.
(Montana-Dakota) with an April 23, 2002 letter confirming the need to
request a waiver for UPONOR pipe received in July 2000. The following
letter is Montana-Dakota Utilities Co.’s request for that waiver.

In July 2000, a shipping error made by Chevron Phillips Chemical Company
resulted in UPONOR receiving non-standard polyethylene raw materials, 1.e.
TR-130 resin, that they subsequently converted into pipe. Montana-Dakota
received several thousand feet of this pipe that had not been properly
qualified to ensure comphance with ASTM D2513 as required by the
referenced code for use in its natural gas system. Montana-Dakota did install
that pipe near Rapid City, South Dakota. Since its installation, Chevron
Phillips Chemical Company performed extensive testing and demonstrated

‘the pipe does in fact meet the minimum requirements of ASTM D 2513.
Please see the attached copy of their report.

Based on the Chevron Phillips testing, Montana-Dakota proposes to allow
this pipe to remain in service. Accordingly, Montana-Dakota is requesting a
waiver from the South Dakota Public Utility Commission and the Federal

Department of Transportation regulations to allow the pipe to remain in
service.
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INTANA-DAKOTA UTILITIES CO.

In accordance with Mr. Bettmann’s April 23, 2002 letter, Montana-Dakota is
providing the following information for your consideration:

1. Montana-Dakota Contact:

Bruce Nelson, P.E.

Gas Distribution Manager
400 North Fourth Street
Bismarck, ND 58501
701/222-7784

2. Waiver requested for:

49 CFR Part 192, Paragraph 192.59(a)(1) (ASTM D2513) Plastic Pipe
Materials

3. Description of facilities:

The waiver request is for approximately 38,600 feet of two-inch pipe.
See attached.

4. Location of facilities:

Miscellaneous gas distribution mains scattered throughout the Rapid
City and Black Hills Area of South Dakota. Since the pipe installation
was part of routine growth for the area and a portion of approximately

75,000 feet of pipe installed in 2000, the exact location of the pipe is
unknown.

5. Description of particular operation for which the waiver is requested:

Montana-Dakota received several thousand feet of the UPONOR pipe
made from TR-130 resin that had not been properly qualified to

ensure compliance with ASTM D2513 as required by the referenced
code for use in its natural gas system.
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6. An indication of increased risks that the particular operation would create

and additional safety measures that proposed to compensate for the
additional risk:

Based on the attached report, research performed by UPONOR and
Chevron Phillips Chemical Corporation, and supported by the Plastic
Pipe Institute, Montana-Dakota does not believe there is additional
risk to its customers or the public in general. Montana-Dakota
expects the pipe in question to perform at least as well as approved
polyethylene pipe installed today.

7. Risk Mitigation Measures:

Based on the above statement and the attached report, Montana-
Dakota believes that granting of this waiver 1s not inconsistent with
pipeline safety and the replacement of the pipe would be
unnecessarily burdensome on Montana-Dakota’s customers since it
would involve excavation of streets and yards as well as an
interruption of service.

Montana-Dakota strives to remain in compliance with the pipeline safety
requirements and considers this issue a significant matter. Accordingly,

Montana-Dakota appreciates your support in accepting and processing this
waiver request.

Please let me know if you have any questions or concerns.

Sincerely,

Douglas M. Lee, P.E.
Senior Staff Engineer

Attachment - UPONOR and Chevron Phillips Chemical Corporation Report
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CC: Bruce Nelson — General Office
Tamie Aberle — General Office
Tom Hopgood — Schuchart Building — Legal Department
Wanda Dewing — General Office
Dan Farmer — Billings

Timothy G. Taylor

Chevron Phillips Chemical Company
1301 McKinney, Suite 1200
Houston, TX 77010

Jimmy Collier

Uponor Aldyl Company
5062 Allred Road
Mariposa, CA 95338

Page 4 of 4



CONFIDENTIAL AND PROPRIETARY
TREATMENT REQUESTED -

RECEIVED

JUN 0§ 2002

SOUTH DAKOTA PUBLIC
UTILITIES COMMISSION

MEMORANDUM CONCERNING UPONOR MEDIUM DENSITY
POLYETHYLENE PIPE RECALL

Prepared by:
Chevron Phillips Chemical Company LP

November 12, 2001



Section Page
Executive Summary 1
L. FACTS 3
A.  Discovery Of The Use Of TR-130 In Certain MDPE
Pipe Manufactured By Uponor 3
B.  Actions Taken By CPChem And Uponor Following
Discovery Of The Use of TR-130 4
C. Extensive Testing And Analysis Show That TR-130
And TR-418N Have Essentially Equivalent Physical
Characteristics, And That A Unique Confluence Of
Several Factors That Have Not Been Replicated -
Elsewhere In The Field Resulted In The Keyspan
Cracking Incident 6
D. TR-130 Has Received A Hydrostatic Design Basis
Rating From The Plastic Pipe Institute 9
II. PIPE MANUFACTURED WITH TR-130 COMPLIES WITH
APPLICABLE LAW AND SAFETY STANDARDS IN ALL
RESPECTS, AND DOES NOT REQUIRE A WAIVER 9
III. ANY PERCEIVED NON-COMPLIANCE WITH
APPLICABLE REGULATIONS SHOULD BE WAIVED 11
IV. OPERATIONAL CHANGES TO PREVENT FUTURE
MISTAKES 13
V. CONCLUSION 15

TABLE OF CONTENTS

EXHIBITS 1-37, DESCRIBED IN THE EXHIBIT INDEX THAT FOLLOWS, APPEAR
BEHIND P.17.



EXHIBIT LIST

EXHIBIT NUMBER ‘ EXHIBIT TITLE

1 : Letter Dated January 24, 2000 from Uponor
Aldyl Company and Chevron Phillips Chemical
Company LP
2 A Letter Dated March 14, 2001 from Chevron
Phillips Chemical Company LP
3 . TR-130 Meets ASTM D3350 Specifications
4 ASTM D3350 Cell Classification - Samples
Remolded from Plastic Pipe
5 ASTM D3350 Cell Classification - Natural
‘ Polyethylene
6 Thermal Stability Test ASTM D3350
7 Pipe Made With TR-130 Meets ASTM D2513
Specifications
8 ' | Pipe Made With TR-130 Meets ASTM D2513
Chemical Resistance Specification
9 ~ ASTM D2513 Squeeze-Off Test
10 & 11 ASTM D2513 Quick Burst Test
12 ESCR (PENT) Test
13 | Pipe Made With TR-130 Meets ASTM D1248
Grade P24 Specifications
14 Dart Impact Test Performed at -40° F
15 ' Dart Impact Test Performed at Various
' Temperatures
16 Dart Impact Test (Performed on Chevron

Phillips Chemical Company LP TR-130 Pipe)

17 : . Dart Impact Test (Performed on 3” & 4” Pipe
Made from TR-130)



EXHIBIT

18

19

20

21

22

23
24

25

26

28

29

30

31

EXHIBIT LIST

EXHIBIT TITLE

Cold Teniperature Tapping Tests with 60 psig

Internal Pressure

Fitting “Knock-Off” Test (Dart Impact Test
Performed in Accordance with DOT
Regulations)

Tensile Elongation For Department of
Transportation Fusion Qualification

Arizona Outdoor Weathering Test Shows No

Notable Degradation After 2 Months of UV
Exposure

Arizona Outdoor Weathering Test Shows No
Notable Degradation After 4 Months of UV
Exposure

Accelerated Weathering Test Results — Series 1
Accelerated Weathering Test Results — Series 2

TR-130 and TR-418N Have Essentially
Equivalent Physical Characteristics

TR-130 and TR-418N Meet ASTM
Polyethylene Specifications

Molecular Weight Distribution (Molecu{ar
Weight and Molecular Weight Distribution
Essentially Equivalent for TR-130 & TR-418N)

Polyethylene Rheology (Dynamic Melt
Viscosity vs. Frequency)

Pipe “Bend-Back” Test

Cold Temperature Squeeze-Off of 4” Pipe With
60 psig Internal Pressure

23°C Long Term Hydrostatic Strength for TR-
130 Pipe



EXHIBIT

32

33

34

35

36

37

EXHIBIT LIST

EXHIBIT TITLE

TR-130 Sustained Pressure Testing at Elevated
Temperatures

S4 Rapid Crack Propagation

Analysis of Uponor Pipe by Dr. Walter L.
Bradley, Ph.D., P.E.

Letter Dated May 4, 2001 from Plastic Pipe
Institute Granting An HDB Rating for TR-130

ASTM D2513 - 96a

ASTM D3350 - 01
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MEMORANDUM CONCERNING UPONOR MEDIUM DENSITY POLYETHYLENE
-, PIPE RECALL

EXECUTIVE SUMMARY

On March 14, 2001, Chevron Phillips Chemical Company LP (“CPChem”)
advised customers of Upohor Aldyl Company (“Uponor”) that certain Medium Density
Polyethylene (“MDPE™) pipe manufactured by Uponor from resin supplied by CPChem was
being recalled, because the pipe was made from the wrong CPChem resin. In facilitating the
March 14 recall announcement, and implementing its Reimbursement Program for costs
associated with the recall, CPChem was acting in a proactive manner while an investigation of
all relevant facts continued. Since that time, a substantial amount of testing and analysis has
occurred. This Memorandum, and exhibits, are intended to bring Uponor's customers up to date
on recent developments and to provide a comprehensive overview of the history of this matter, as
well as our analysis of the safety of the pipe in question and its compliance with applicable
standards.

As set forth in detail in this Memorandum, CPChem believes that the MDPE pipe
* in question is safe for natural gas pipe applications, and complies with all applicable laws,
regulations, and specifications for natural gas pipe applications. Accordingly, it is not necessary
to apply with state or federal regulators for a waiver for non-compliance. Nevertheless, should
an operator decide to apply for a waiver for its unique reasons, the data set forth in this
Memorandum should suffice to establish that the granting of a waiver would not be inconsistent
with — and, in fact, would be wholly consistent with — pipeline safety. See 49 U.S.C. §60118(c)

(waiver may be granted provided that the waiver "is not inconsistent with pipeline safety").
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The present situation arose after CPChem mistakenly delivered to Uponor, in July

2000, a single shipment of CPChem Marlex® HHM TR-130 polyethylene (“TR-130") rather
than CPChem Marlex® HHM TR-418N polyethylene (“TR-418N”). Not knowing of the mis-
shipment, Uponor extruded the resin into MDPE pipe of various sizes during a three-day period
in July 2000.

TR-130 and TR-418N have essentially equivalent physical properties, rendering
both appropriate for gas pipe applications. The only significant difference between the two
resins is that virgin TR-418N polyethylene contains an UV inhibitor additive to prevent UV
degradation after prolonged exposure to UV, whereas virgin TR-130 polyethylene does not
contain an UV inhibitor as sold by CPChem. However, all of the pipe made with TR-130 does
contain UV inhibitor because UV inhibitor was contained in the yellow color concentrate used in
the pipe, and it was a constituent in the regrind material used in making the pipe. Accordingly,
as discussed more fully herein, the pipe meets applicable regulations concerning the presence of
UV inhibitor. Moreover, the installed pipe in question does not present a safety risk, even
though it contains less UV inhibitor than pipe made with TR-418N, because the pipe in question
was not stored outside for a significant amount of time.

There has only been one reported instance of field failure of the pipe made with
TR-130. In that case, three different segments of six-inch pipe in one installation, and one
segment of six-inch pipe in a separate installation, cracked during pre-installation pressure
testing by Keyspan Energy Delivery — New England ("Keyspan") in the Boston area. Extensive
investigation of this incident shows that the cracking was likely caused by a unique combination

~ of circumstances, including an impact event and installation in extremely cold temperatures.

Moreover, it appears that any potential issue is limited in scope to six-inch pipe made on a single
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production line wh_en Uponor was unknowingly extruding TR-130 resin, all éf which was
covered by the announced recall pro gram Finally, other than the pipe that cracked iﬁ Boston, all
installed pipe manufactured during the period in question passed pre-commission pressure tests
and has performed without incident for close to, or in some cases more than, a year.

In sum, we believe that the subject pipe poses no safety or performance risks and
meets all applicable standards.! ‘Tn any case, we recognize that certain owners or operators may
feel more comfortable seeking affirmation from their regulatory agencies, whether in the form of
a waiver request or otherwise. The facts and data contained in this Memorandum outline in
detail the basis for such regulatory cooperation.

L. FACTS

A. Discovery Of The Use Of TR-130 In Certain MDPE Pipe Manufactured By
Uponor

In July 2000, CPChem mistakenly delivered to Uponor a shipment of TR-130
resin rather than the specified TR-418N resin. Uponor, in turn, manufactured approximately
520,000 feet of MDPE gas pipe in sizes ranging from one-half inch to six-inch using the TR-130
resin on July 21 - 23, 2000. The pipe was then sold to Uponor's customers. CPChem’s shipment
error was discovered when one of Uponor’s customers, Keyspan, experienced cracking of four
segments of six-inch pipe, manufactured by Uponor on July 22, 2000. The cracking was
discovered during routine pre-commission pressure testing in December 2000 during installation
of the pipe in extremely cold weather. Samples of the cracked pipe were sent to CPChem in
December. Initial product testing did not reveal anything abnormal (i.e., there was nothing to

lead CPChem to believe that the pipe had been made with a resin other than TR-418N). It was

! Added comfort is derived from the fact that utilities that installed MDPE pipe manufactured with TR-130

presumably will engage in all normal patrolling and leak survey testing of its pipeline as required by 49
C.F.R. Part 192.723.

-3-
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not until subsequent testing perfornied in Januafy showed lower Alevels of UV inhibitor in the
cracked pipe that CPChem was able to deterrnin;e that the pipe had been manufactured with a
resin other than TR-418N. Additional testing revealed that the pipe was made from TR-130
rather than TR-418N. |

Other than the issues discovered during the Keyspan installation, neither Uponor
nor CPChem have been notified of any abnormal installations, problems with pressure testing, or

any performance problems whatsoever with any pipe made with TR-130.

B. Actions Taken By CPChem And Uponor Following Discovery Of The Use Of
TR-130

Uponor and CPChem immediately informed the U.S. Department of
Transportation Office of Pipeline Safety of the discovery of the use of TR-130 in certain MDPE
pipe, because TR-130 had not previously been detennihed to comply with the American Society
for Testing and Materials (“ASTM™) D2513-96a (one of the applicable regulatory standards).
On January 24, 2001, Uponor and CPChem issued a letter to Uponor's customers advising them
of the discovery.

The January 24, 2001 letter was sent by CPChem and Uponor as soon as the
companies learned of the resin mis-shipment, without waiting for the development of additional
facts or analysis. The companies only knew that pipe had cracked in the field and that the pipe
contained the wrong resin. They had not yet been able to confirm the pipe’s safety, nor had they
had time to confirm whether the resin switch was the cause of the cracking incident. Given that
it would take time to perform the extensive analysis needed to answer these questions, CPChem
and Uponor took what they believed to be the proactive, correct course of action: immediately

informing utilities of the facts then known, and stating that details of a product recall would be

announced in the near future.
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The January 24 letter was sent to all of Uponor’s customers that purchased pipe
made at Uponor’s facilities within a fouf—day timeframe when it was suspected the TR-130 resin
could have been used. The letter advised that Uponor and CPChem were initiating extensive
testing to more fully evaluate the situation and to assure that the affected pipe posed no safety
hazard. The letter also asked Uponor’s customers to immediately refrain from further
installation of uninstalled pipe made during the suspect timeframe. A copy of the January 24,
2001 letter is attached as Exhibit 1.

In the immediate aftermath of that letter, analysis of Uponor’s pipe production
information revealed that TR-130 had been used to manufacture pipe only on part of July 21,
2000, all of July 22, 2000, and part of July 23, 2000. Moreover, analysis confirmed TR-130’s
likeness to TR-418N, and that pipe made from TR-~130 should perform safely in the field. Based
on this new information, on March 14, 2001, CPChem sent a letter to customers outlining the
specific terms of the Recall and Reimbursement Program. The March 14 letter announced the
recall of six-inch pipe produced during the operative time period with TR-130 (only five Uponor
customers received the recalled six-inch pipe), and all pipe made during the July 20-23, 2000
time period that had not yet been installed. The March 14 letter also indicated that extensive
testing protocols aimed at assuring that TR-130 met applicable safety standards were continuing.
A copy of the March 14, 2001 letter is attached as Exhibit 2.

To date, the recall program has been highly successful. A substantial amount of
the recalled pipe has been taken out of service and/or returned, and the operators have been fully
reimbursed by CPChem. Moreover, other than the original cracking of Keyspan pipe, there have

been no reported incidents of cracking or any other field performance problems with the pipe in

question.
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C. Extensive Testing And Analysis Show That TR-130 And TR-418N Have
Essentially Equivalent Physical Characteristics, ‘And That A Unique
Confluence Of Several Factors That Have Not Been Replicated Elsewhere In
The Field Resulted In The Keyspan Cracking Incident

The initial inference that may have been drawn by some upon first learning that
the Keyspan pipe that cracked was made with the wrong resin, was that the ¥esin may have been
the cause of the failure and that potentially all pipe made with that resin in the July 21-23
timeframe could pose a risk. Because the companies felt it was important to communicate
immediately to Uponor's customers and to move forward with a Recall program as soon as
possible, the companies initiated contact with Uponor’s customers before a full and complete
analysis of the issue could be conducted. Since that time, CPChem has devoted a great deal of
effort and fesources to determining why, of all the pipe manufactured with TR-130 during the
July 2000 time period, only the Keyspan six-inch pipe cracked. AThis analysis suggests, as
explained below, that the Keyspan pipe failed as a result of a unique combination of
circumstances, and not because there is something inherent in the TR-130 resin that could cause
continued failures.

First, results of extensive testing demonstrate that pipe made with TR-130 has
essentially equivalent physical characteristics and performance capabilities as pipe made with
TR-418N. Accordingly, pipe extruded from both resins should perform in a similar — and safe -
fashion. Documentation of all such test results may be found at Exhibits 25 to 28. Additionally,

among other things:

o Exhibits 3 and 7 are summary charts that show that TR-130 meets all
specifications of the two ASTM standards that apply to the pipe in question:
ASTM D2513 and ASTM D3350. The ASTM standards are illuminated in
greater detail at pages 10-12 of this Memorandum.

e Pipe made with TR—13O and TR-418N (including pipe manufactured by
Uponor as well as six and eight-inch pipe recently extruded by CPChem from
- TR-130) shows similar results in impact testing. See Exhibit 14 - 17.

-6-
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e The only exception is that samples of six-inch pipe made by Uponor on the

same date and production line as the Keyspan cracked pipe, exhibited low = -

cold temperature impact resistance in recent laboratory testing. See Exhibits
14 and 15. Six-inch pipe made from the same material on the same day on
Uponor’s other production line had excellent cold temperature impact
strength. See Exhibit 14. (CPChem has also tested samples from July 21 and
23 from the same production line that produced the Keyspan pipe. These
samples were made from TR-418N, not TR-130, and exhibited good cold
temperature impact resistance thus isolating the production window at issue.
See Exhibit 14.) '

e Testing of pipe made with TR-130 shows excellent resistance to slow crack
growth, which is an indication that long-term performance characteristics
should be excellent. See Exhibits 3, 4, 5. Specifically the Polyethylene Notch
Tests (“PENT”) and sustained pressure testing at elevated temperatures show
similar results for TR-130 and TR-418N. See Exhibits 12 and 32.

e Rapid Crack Propagation (“RCP”) was tested on six-inch Uponor pipe using
the Small-Scale Steady State (“S4”) laboratory testing equipment, and results
were similar for pipe made from TR-130 and TR-418N. Actual pipe from the
Keyspan site was tested and confirmed to have good resistance to RCP. See
Exhibit 33. Dr. Walter Bradley’s work (see the following text for a
description of Dr. Bradley and his work) also showed similar RCP results for
pipe made with TR-130 and TR-418N; his report states: “Izod testing of razor
notched specimens indicates that the resistance to rapid crack propagation of
pipe made from TR-418N resin and TR-130 resin is essentially the same.”

e Standard MDPE molded fittings were tested for compatibility with pipe made
from TR-130 per the Department of Transportation's regulations for
polyethylene fittings for gas applications. This included butt fusion, socket
fusion, saddle fusion and electrofusion fittings which were fused to TR-130
pipe and then tested according to the DOT standards with excellent results.
See Exhibits 10, 11, 18, 19, 20.

In addition to comparative testing of TR-130 pipe and TR-418N pipe, CPChem
retained a highly respected plastics expert, Dr. Walter Bradley, a retired member of the Texas
A&M University faculty, to examine and analyze the actual cracked Keyspan pipe and to
compare performance capabilities of TR-130 pipe with TR-418N pipe. Dr. Bradley’s report is.
attached to this Memorandum as Exhibit 34 (his report is referred to in the remainder of this
Memorandum as the “Bracﬂey Report™). Dr. Bradley’s analysis led him to conclude that pipe
made with TR-130 should perform as well as pipe made with TR-418N, and that the cold

-7-
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installation temperatures on the day of the failure and impact of some type in the handling of the
pipe undoubtedly contributed to cause the crackilllg of the six-inch Keyspan pipe. See Bradley
Report at p. 10. _

Taken together, the avéilable data conclusively demonstrate that the Keyspan pipe
did not crack as a result of ahy inherent unsuitability of TR-130 for gas pipe applications.. To the

contrary, it appears that the Keyspan pipe cracked due to a combination of several factors:

e First, information provided by Keyspan indicates, and Dr. Bradley’s analysis
confirms, that the cracked pipe was likely subjected to impact at some point
following production. It is unlikely that pressure alone would have been
sufficient to cause the cracking.

e Second, the installation occurred in extremely cold (sub-freezing) weather in
Boston. Laboratory testing subsequently revealed that the only abnormality of
the pipe that cracked was its lower than normal impact strength at very low
ternperatures.2

e Third, it appears that only six-inch pipe made during a narrow production
window, on a single production line when TR-130 was being used, is
susceptible to cracking when faced with the unique conditions identified
above. The absence of any problem in the laboratory or in the field with any
other size pipe, together with the data demonstrating the essential equivalence
of the resins, strongly suggests that any conceivable issue was limited to a
narrow production window of six-inch pipe.?

As the data attached in Exhibit 6 confirms, the pipe Keyspan received had slightly lower thermal stability
readings than tested samples of pipe manufactured on other production lines and pipe made prior to the
mistaken delivery. However, thermal stability tests performed on all sizes of pipe manufactured with TR-
130 and on TR-130 resin confirm that all the pipe and the resin comply with ASTM standards for both pipe
and resin (i.e., > 220°C).

As we have stated in this Memorandum, the only pipe that has cracked at cold temperatures — whether in
the field or in laboratory testing — is six-inch pipe made on a single production line. By contrast, six-inch
pipe made with TR-130 on other production lines withstood cold temperature impact. Uponor reports that
there were no abnormal operating issues associated with production on that line at the time. Uponor
therefore believes that the explanation may lie in the fact that TR-130 and TR-418N have somewhat
different stabilization systems, in terms of specific grade of antioxidant and additive level. Both
formulations provide a high level of thermal stability which exceeds the applicable requirements of thermal
stability set out for both the resin (ASTM D3350) and the pipe (ASTM D2513), i.e. >220°C. Both resins
contain a high performance primary antioxidant (hindered phenolic additive) and a secondary stabilizer
(phosphite additive). Nonetheless, Uponor reports that the production line from which the pipe that
cracked originated, while optimized for TR-418N, may not have been optimized for extruding TR-130 into
thick-walled (i.e., six-inch) pipe given the different stabilization package. This, together with extreme cold
temperature installation and impact, could have played a contributing role in the cracking of the six~inch

-8-
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D. TR-130 Has Received A Hydrostatic Design Basis Rating From The Plastic
Pipe Institute

When the resin mis—shjpment was discovered, CPChem initiated the required
steps to obtain what is known as a Hydrostatic Design Basis, or “HDB,” rating from the Plastics
Pipe Institute (“PPI”) for TR-130 resin. As explained more fully below, one of the regulatory
standards applicable to gas pipe, ASTM D2513-96a, requires that the resin used to make such
pipe has a “PPI recommended long term hydrostatic stress rating.” TR-130 was not offered for
sale by CPChem for gas pipeline applications, and thus CPChem had not previously sought a PPI
rating for TR-130. Nonetheless, because of the essentially eqﬁivalent physical characteristics of
TR-130 and TR-418N resins, CPChem was confident that TR-130 would qualify for the required
PPI rating. |

On May 4, 2001, PPI did in fact grant an E-2 Hydrostatic Design Basis (“HDB”)
rating for TR-130 resin.* See Exhibit 35.

II. PIPE MANUFACTURED WITH TR;130 COMPLIES WITH APPLICABLE
LAWS AND SAFETY STANDARDS IN ALL RESPECTS, AND DOES NOT
REQUIRE A WAIVER

At the time of the January 24, 2001 and March 14, 2001 customer
communications, CPChem was not in a position to state that the pipe complied with all
applicable regulations for two reasons. First, at that time PPI had not granted the HDB rating to

TR-130. Second, CPChem had been unable to confirm that the pipe manufactured with TR-130

contained UV stabilizer — an ingredient required by the regulations. See discussion at pp. 12-14

pipe in question. Without taking a position as to Uponor’s explanation, CPChem can confirm that its TR-
130 resin contains a different stabilization system, and that the only incidents of abnormal laboratory or
field performance appear isolated to the six-inch pipe produced by Uponor on this single line — when
Uponor was unwittingly extruding TR-130 rather than TR-418N. In any event, the issue should not
concern Uponor’s customers because all six-inch pipe has been recalled.

On October 25, 2001, PPI extended the E-2 HDB rating to an E-6 HDB rating based on additional data
submitted by CPChem.

-9-



CONFIDENTIAL AND PROPRIETARY
TREATMENT REQUESTED

of this Memorandum. However, after extensive é.r;alysis and fact dgvelopment, and now that PPI
has granted the HDB rating, we are confident thét in fact the pipe does comply with applicable
regulations. Accordingly, owners/qperators do not need to obtain a waiver to lawfully operate
gas pipeline facilities made with TR—i3O pipe.

The U.S. Department of Transportation's Office of Pipeline Safety is charged with
regulating gas pipeline safety. 49 U.S.C. §60102. The Office of Pipeline Safety has, in turn,.
promulgated extensive regulations carrying out this mandate. See generally 40 C.F.R. Part 192.
The regulations require that materials used to manufacture plastic pipe for natural gas transport
meet a “listed specification.” 49 C.F.R. Part 192.59. In this case, ASTM D2513-96a, “Standard
Specification for Thermoplastic Gas Pressure Pipe, Tubing, and Fittings,” is the relevant listed

specification. A copy of ASTM D2513-96a is attached as Exhibit 36.

e Section 4 of ASTM D2513-96a requires that the plastic used to make gas pipe
"shall have a PPI recommended long-term hydrostatic stress rating." As
stated previously, "PPI" refers to the Plastic Pipe Institute. TR-130 recently
received the required rating. See p. 9, above. ‘

e Annex Al to ASTM D2513-96a contains many different materials, testing,
and performance requirements for polyethylene gas pipe such as the pipe at
issue. Section A1.3.1 requires that polyethylene (“PE”) material be classified
in accordance with ASTM D3350 “Cell Classifications of Polyethylene Pipe
Tubing and Fittings Materials.” ASTM D3350 classifies PE pipe and fitting
compounds according to: density, melt index, flexural modulus, tensile
strength at yield, environmental stress crack resistance, and HDB at 23°C.
These categories describe the physical properties of materials that fall within
certain cell classifications.  Exhibits 3, 4, and 5 to this Memorandum
demonstrate that TR-130 pipe satisfies these requirements.

o ASTM D2513-96a section Al.3.4 requires either Class C (carbon black) or
Class E (colored with UV stabilizer), with Class E the appropriate requirement
for yellow pipe. See Section 6.2 of ASTM D3350, Exhibit 37 hereto. Neither
ASTM D3350 nor ASTM D2513-96a requires a particular amount of UV
stabilizer for qualified PE materials. The pipe in question meets this
requirement, even though TR-130 resin does not contain UV inhibitor,
because:

-10 -
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» The yellow color concentrate used by Uponor is made with TR-418N, which
contains UV inhibitor.’

o Furthermore, the pipe made by Uponor with TR-130 would have gained
additional UV inhibitor from the introduction of regrind material containing
pipe made on previous production runs from TR-418N resin.

e Therefore, all pipe manufactured with TR-130 contains some amount of UV
inhibitor. While the amount of UV inhibitor in the pipe made with TR-130 is
lower than that in Uponor's TR-418N pipe, the pipe is "colored with UV
stabilizer" and therefore complies with the applicable ASTM standard.®

In sum, the pipe in question complies with the applicable regulations and does not

require a waiver.

II. ANY PERCEIVED NON-COMPLIANCE WITH APPLICABLE REGULATIONS
SHOULD BE WAIVED

The foregoing discussion and accompanying data demonstrates the likeness of
TR-130 and TR-418N resins. Even more significantly, the data confirm that the pipe made with
TR-130 should perform in an equivalent manner to pipe made from TR-418N and poses no
threat to health and safety. CPChem believes that pipe manufactured with TR-130 complies with
all applicable laws, regulations and specifications and therefore does not require a waiver.
Nonetheless, if — presumably because of the lower level of UV inhibitor in the pipe in question —
any of Uponor’s customers prefer to seek a waiver or other affirmation from the appropriate
regulators, this Memorandum may be used to demonstrate that granting such a waiver is wholly

consistent with pipeline safety.

The yellow color concentrate contains approximately 91% TR-418N and 9% pigment.
UV stabilizer is also the subject of section A.1.5.7. of ASTM D2513-96a. That section states:

PE pipe stored outdoors and unprotected for at least two years from the date of
manufacture shall meet all the requirements of this specification. PE pipe stored
outdoors for over two years from date of manufacture may be used if it meets
the requirements of this specification (emphasis added).

The pipe at issue in connection with the waiver applications was only stored outdoors for a short period of
time, well less than two years, and thus the foregoing provision would not appear to apply.

-11-
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At the outset, it i1s important to note that the Recall program addressed all

uninstalled pipe (i.e., pipe that might have been exposed to the sun for longer periods of time) as

well as all installed six-inch pipe. Thus, the issue of obtaining a waiver for any arguable non-

compliance should properly only focus on the remaining installed pipe (the pipe that was not

covered by the Recall program), none of which is six-inch pipe.

Here, the pipe not covered by the Recall program would have been installed
within a relatively short pgriod after manufacture. Specifically, MDPE pipe manufactured by
Uponor with TR-130 was installed, at the latest, in January 2001. After that date, Uponor’s
customers received the January 24 letter and were instructed to stop installation of the Uponor
pipe. Therefore, given the manufacture dates of July 21 - 23, 2000, the maximum amount of
time the affected pipe could have been exposed to UV prior to installation was six months. In
reality, much of the pipe was installed within a few months of delivery (before the onset of cold
weather), and in any event common sens\e would suggest that each section of pipe was not fully
exposed to the sun.for the entire time period between shipment by Uponor and installation.
Thus, the reference in the ASTM standards aimed at protecting the structural integrity of pipe
that is stored outside for at least two years prior to installation is not implicéted.7

In fact, given the presence of UV inhibitor in the pipe and given the fact that the
yellow pigment itself contributes to prevent UV degradation, any such pipe should withstand any
modest outdoor exposure that might have occurred. See Bradley Report at p. 1 (the reduced
amount of UV stabilizer “would only be significant if the gas pipe was exposed for some
extended time to radiation from the sun, which was not the case for this pipe”). This is

confirmed by weathering tests performed by CPChem. Yellow pipe extruded by CPChem with

See ASTM D2513-96a Section A1.5.7.
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TR-130 was subjected to extreme outdoor exposure at a special facility in the Arizona desert.
Analysis of those pipe samples exﬁoéed for four months — including the intense UV summer
months — revealed no notable ch,angg in tensile strength or elongation of the pipe as a
consequence of the outdoor exposure. ._S_@ Exhibits 21 and 22.

Furthermore, in addition to the Arizona testing — in which pipe samples were
exposed to actual sunlight, albeit in an extreme “worst ‘cgse” environment — CPChem also
conducted artificial accelerated weathering tests. See Exhibit 23 and 24. Not surprisingly, those
test results did show differences in the tensile yield strength and ductility at higher numbers of
hours of accelerated weathering. However, such results are not by themselves meaningful,
because they do not correlate to actual periods of outdoor exposure. In fact, based on the relative
performance in accelerated weathering tests of pipe made with TR-418N and pipe made with
TR-130, pipe made with TR-130 is safe for use even after exposure for six months.® Test data
received to date confirm this conclusion.

IV. OPERATIONAL CHANGES TO PREVENT FUTURE MISTAKES

For the reasons set out previously in this Memorandum, we do not believe that the
Keyspan pipe cracked due to any inherent difference between TR-130 and TR-418N. In any
case, the resin mis-shipment should not have happened, and CPChem has taken steps to insure
that such a mistake does not happen again.

The mistaken delivery of TR-130 to Uponor occurred when the hopper car
containing TR-130 was shipped to Uponor rather than the hopper car containing TR-418N.

CPChem has subsequently implemented three major changes in the operation of its Houston

As shown in Exhibits 23 and 24, the TR-130 samples showed a drop in elongation to under 100% at 500 -
1121 hours compared to 3065 hours for TR-418N. CPChem generally quotes 3-5 year outdoor life for TR-
418N. Thus, if one assumes 4 years of outdoor life for TR-418N and a ratio of 500 to 3065 for the relative
comparison of TR-130 to TR-418N, that yields a relative outdoor life of 7-8 months for TR-130.
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Chemical Complex (“HCC”) aimed at preventing another delivery of the wrong resin to Uponor.
First, an additional person is now responsible for monitoring the loadout of the hopper cars used
to deliver the resin. The operations shift supervisors now go to the loadout spots associated with
each of their plants and record which.railcars are on a particular spot and which resin is loaded
into each hopper car. This information is then cross-checked with the paperwork that the hopper
car loaders (distribution attendants) have previously filled out in order to verify that the
information is correct. The Certificate of Analysis that accompanies the shipment is based on the
information in the cross-checked paperwork, so the cross-checking procedure insures that the
Certificate of Analysis has the proper railcar and resin recorded on it.

Second, when the loaded hopper car arrives at the CPChem scales, the scale
attendant removes one aluminized tag off one car at a time and verifies that the car number on
the tag matches the railcar number. Previously, the attendant pulled tags off all the cars in the
string and then matched them with numbers in the computer; this procedure did not provide a
cross-check against two switched railcars since both would probably be in the string. Third,
HCC no longer schedules the production of pipe resins and similar resins on sister reactors at the

same time. Thus, any differences would be very obvious and caught before pipe could be made.

These operational changes aim to insure that the labels for a hopper car are properly matched
with the contents therein, and to confirm that Uponor receives the proper resin.

Although Uponor could not have prevented CPChem’s mis-shipment of résin,
Uponor has informed us that it has implemented new quality control procedures to supplement
its procedures in place in July 2000. In particular, Uponor advises that it now samples resin from

every compartment of every rail car delivered to its Tulsa facility, and that each sample is then
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subjected to Fqurigr Transform Infrared Analysis (“FTIR™) testing for UV lev'el as well as
density and melt index’ testing. — |
V. CONCLUSION

CPChem believes that MDPE pipe manufactured with TR-130 complies with ali
applicable laws and regulations and does not require a waiver. Furthermore, the foregoing
discussion establishes that MDPE pipe made with TR-130 sﬁll in service should perform in the
same manner as MDPE pipe made with TR-418N. The two resins possess esséntially equivalent
physical characteristics, and pipe manufactured using the two resins should perform in an
identical manner in field use. Moreover, even if a utility were concerned by the lower level of
UV stabilizer in pipe made with TR-130, that condition — as established above — is immaterial to
the durability, performance, and safety of the installed pipe in question.. Under these
circumstances, we respectfully sﬁbmit that the pipe at issue poses no safety hazard and is wholly

" appropriate for use in natural gas transport.

Density and melt index testing alone are inconclusive for differentiating between TR-130 and TR-418N
because both the density and the melt indexes specification ranges of the two resins overlap.

-15-



CONFIDENTIAL AND PROPRIETARY
TREATMENT REQUESTED

Dated: November 12, 2001 CHEVRON PHILLIPS CHEMICAL
COMPANY, LP

BY:

41 Ty
Timothy G. TdyJor .
Senior Vice President, Olefins and Polyolefins
Chevron Phillips Chemical Company, LP
Chevron Tower
1301 McKinney
Houston, Texas 77010-3030

Dt Jttee.

Peter L. Winik

Heather M. McPhee
Latham & Watkins

555 Eleventh Street, NW
Suite 1000

Washington, D.C. 20004
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January 24, 2001

Company Name
Attn: Mr. Customer
123 Main Street
City, State Zip

Dezar Mr. Customer:

Uponor Aldyl Cempany and Chevron Phillips Chemical Company LP want to tell vou
what we know about a matter that affects you involving .some Medium Denéity
Polyethylene (“MDPE™ pipe that Uponor manufactured using Chevron Phillips
nolyethylene resin. You were previously notified of this problem on January 10, 2001,

in July 2000, Chevron Fhillips delivered o Uponor's Tulsa, Cklahoma plant a raiiroad
carload of resin that was ideniified as Chevron Phillips Mariex® =HEM TR-418N resin
(“TR-418N". Laboratory analysis indicates that this rasin was not TR-418N resin.
Upanor, not knowing of the discrepancy, orocessed this resin into pipe and tubing and
sold some of it tc you. The daie code print line aon the affected pipe wiil state
Txx072000, T:xx072100, Txx072200. Txx072300 (*«x" can be any twc numbers). The
affected pipe was manufactured during the July 20 through 23, 2000 pericd.

All of Uponor's quality control records verify that the pipe made with this different resin
passed all dimensional and required tests specified by ASTM D-2512. However, during
installation, ons Uponor cusiomer found that some of the zffected pipe did not pas;
pressure testing in temperature conditions around 30 degress Fahrenheit. Specifically,
cracking was discovered in ceriain placss on the pipe. The sxact czuse of the cracking
is not known. We have not determined that the faiiure was related to the type of rasin
usad in the pipe. Other sampies of the afiected pipe delivered to the customer passed
all standard pressure testing. )

Chevron Phillips has been provided samples of the failed pipe slong with control
samples and has conducted significant testing. So far, the analysis by Chevron Phillips
indicates that the resin used was probably HHM TR-130 resin, MDPE ("TR-130"). The

density and meit index of TR-130 are very close to those of TR-418N, and Chevron
Phillips believes the nominal performance characteristics of TR-130 after extrusion
should be substantially similar to those of TR-418N. We are st a loss to expiain the

reported failure of the pipe. The analysis to date has been based on small rings of pipe,

and Chevron Phillips is conducting more thorough evaluations io include selected

impact and pressure testing.

. .‘u’,
1;"
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TR-130 does not contain an ultraviolet stabilizer and does not have a listed Hydrostatic
Design Basis with the Plastic Pipe Institute.  However, the typical physical
rharacteristics of TR-130 and TR-418N are relatively similar. Chevron Fhillips believes
that because of these similarities, 2 pipe manufacturer would not experiencé noticaable
differences during extrusion of the pipe or during typical quaiity control testing of the
pipe. R )

We have discussad commenting upon the relaiive seriousness of this problem and
making a recommendaticn to Uponor's customers. Although Chevron Phillips is a resin
manufacturer and Uponor is well versed on extrusion of polyethylene resins, we are not
experts an natural gas pipe system installation and operation. Moreover, the conditions
of installation and operation of pipelines vary from geographicai !ocation to location as
well as from utility to utility. Therefore, we do not believe it is possible to formuiate a
comment or recommendation that would be applicable to all customers and all
locations. As axperiencad users of polyeithylene as well as many other types of gas
piping systems, you will have specific kncwledge as to the installation procedurss and
operating conditions for your systems. Your company is the best judge of the
seriousness of this situation as it applies to you.

Chevron Philios has recalled the resin and committed to reimbursing Uponor and its
cusiomers for the ressonable and necassary expenses incurred in the recall-of the pipe
made with this resin. In the next few days, we will provide you with details of the
requirements and proceass for this reimbursement.

‘We are actively investigating this matter and wiil provide additional technical information
as it becomes available. In the meantime, if you have any questicns at all, piease fes|
free to contact your account representative.

Yours very truly,

UPONOR ALDYL COMBANY |

Thoous W, Sheridan, Frasident

CHEVRON PHILIIES CHIMICAL COMPANY LB

i i"<
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Vice Presicent
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Chevron
Phillips

Chemical Company

T. G. Taylor
Senior Vice President
Olefins & Polyolefins

Reimbursement Office
Address:

1301 McKinney
Suite 1299
Houston, TX 77010-3030

Reimbursement QOffice
Phone: (866)274-6799

Reimbursement Office
Fax: (713)289-4979

March 14, 2001
Via Facsimile and CRMM#

Re: Chevron Phillips’ Reimbursement Program for Uponor Pipe
Dear Mr.:

On January 24, 2001, Chevron Phillips Chemical Company LP
(CPC) and Uponor Aldyl Company (Uponor) sent you a letter explaining
events that led to the discovery that some medium density polyethylene
pipe manufactured by Uponor during the period July 20 through July 23,
2000 may have contained Chevron Phillips’ Marlex® HHM TR-130 resin
(TR-130) rather than Chevron Phillips’ Marlex® HHM TR-418N resin
(TR-418N). That letter stated that further details concemning appropriate
customer response to this situation would be supplied. This letter
updates and supercedes the January 24 letter. '

CPC is prepared to reimburse you, on behalf of Uponor, for the
reasonable and necessary costs of abandoning or removing and
replacing six-inch pipe made on July 21 and 22, 2000. At this time, we
are not recommending replacement of pipe made on July 20 or July 23
that has been insialled and CPC will not reimburse you for such costs.
Nevertheless, CPC will repurchase, at your invoiced cost, any Uponor
pipe made between July 20 and July 23, 2000 that has been paid for but
not yet installed. CPC will also pay the freight charges necessary to
retumn the inventoried pipe. Additionally, to verify the parameters of the
reimbursement program, we are requesting Uponor customers with six-
inch pipe manufactured on July 20 and 23, 2000 to send product
samples to CPC (see Sampling Procedures Attachment).

The reasons for limiting our reimbursement program to six-inch
pipe made on July 21 and 22 are straightforward. First, we have only
been notified of a prablem by a single customer with six-inch pipe made
with TR-130. This customer experienced cracking while pressure
testing during cold winter installation. Second, current information
indicates that TR~130 was primarily used to produce virgin six-inch pipe
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on only July 21 and 22, 2000. Third, extensive technical information conceming the TR-418N and TR-
130 resins shows that both resins possess essentially equivalent physical characteristics. See
Technical Attachment. Although TR-130 does not contain UV inhibitor, this does not present a concern
with installed pipe because such pipe was not exposed to sunlight for more than a few months.

With respect to installed pipe other than six-inch pipe, CPC has commenced a program of
testing to obtain a Hydrostatic Design Basis (HDB) rating for TR-130 resin. We are keeping the DOT
informed of our testing program and are confident that TR-130 will obtain an HDB rating. Once the HDB
rating is granted, CPC will request that you file an application for a waiver covering the installed pipe. '

Records show that your company received the following pipe manufactured by Uponor: 1 14"
pipe lot nos. T04-072100, T04-072200 and T04-072300, manufactured on July 21, 22 and 23, 2000,
respectively; two-inch pipe lot no. T03-072200, manufactured on July 22, 2000; four-inch pipe lot no.
T11-072300, manufactured on July 23, 2000; six-inch pipe lot nos. T08-072000 and T08-072100,
manufactured on July 20 and 21, 2000, respectively; and 2" pipe lot no. T09-072100, manufactured on
July 21, 2000.  Accordingly, your company is eligible to participate in the reimbursement program as
to six-inch lot no. T08-072100. CPC asks that your company participate in the pipe sampling program
with respect to any installed pipe from lot no. T08-072000. Pipe from any of the above lots that has not
been installed is also eligible for repurchase. Furthermore, to the extent you incurred reasonable and
necessary removal, starage, or shipping costs with respect o any of this Uponor pipe before the date of
this letter, we will consider your application for reimbursement.

Adherence to CPC's Reimbursement Program Guidelines (attached) is a condition to payment.
As an administrative convenience CPC will, in certain circumstances, make payment directly to you, on
behalf of Uponor. In order to clarify the reasonableness or necessity of expenses incurred, we ask you
to submit all removal/abandonment plans to CPC before the work is undertaken. The attached
Reimbursement Pre-Approval Form should be used for this purpose.

We have established a reimbursement office and engaged experts to assist with evaluation of
proposed replacement programs. A toli-free hotline has been set-up in order to respond to any
questions that you may have. Please feel free to contact us at (866) 274-6799. We appreciate your
patience with respect to this matter. We hope the foregoing and attached information is of assistance.
We stand ready to cooperate with you.

Very truly yours,

J.E.Jggw

Timothy G. Taylor
Senior Vice President
Chevron Phillips Chemical Company LP

Cc:  Tom Sheridan, President Uponer Aldyl Co.

Attachments:
Reimbursement Program Guidelines
Sampling Procedures Attachment
Technical Attachment
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SAMPLING PROCEDURES

Pipe Sampling and Transmittal Instructions
for Six-Inch Pxpe Manufactured on July 20 and 23, 2000

Locate pipe and record pzpe 1nformatl0n The pipe print line contains sufficient
information for documentation purposes and should be recorded. Additionally, if
available, provide the coil number and/ or foot number.

Using a tool such as a carpenter’s plane or other scraping device, scrape or shave
off a thin sample from the outside diameter surface of the pipe. Approximately
0.01—0.02 inch thickness on 2" Qutside Diameter (OD) or larger pipe is
sufficient. CAUTION: DO NOT EXCEED TEN PERCENT (10%) OF THE
WALL THICKNESS WHEN TAKING A SAMPLE. REMOVAL OF
MORE THAN 10% OF THE WALL RENDERS THE PIPE
UNSERVICABLE, REQUIRING REPAIR. ALSO NOTE: TH1S METHOD
OF SAMPLING IS NOT RECOMMENDED FOR TUBING. The total
amount of the sample needs to be approximately the size of a quarter or a large
postage stamp, and can be comprised of several pieces.

When transmitting the sample to CPC, please include the print line information
together with the pipe size, and SDR pipe location by street location, city, and
state. Also include the date of sample collection, the name of the person who
collected the sample, and the name of the person transmitting the sample.

" Please identify your company by name, address, and phone/fax. In addition,

please supply the name of a designated contact person with whom we can
communicate if we have any questions. We will convey our test results to your
designated contact person.

Please ship all samples to:

Chevron Phillips Chemical Company LP
Houston Chemical Complex

1400 Jefferson Road

Pasadena, TX 77501

Attention: Austin Wuu

Please direct any questions about this procedure to:

Reimbursement Office
1301 McKinney
Chevron Tower

Room 1299

Houston, TX 77010
(866)274-6799
(713)289-4979 (fax)



Density (g/cc)
Melt Index (g/10 min.)
Catalyst

Molecular Weight
Distribution

Tensile Strength, psi
Elongation, %

Flexural Modulus, psi
(D3350)

PENT, hours
Melting Point (°C)
Additive Formulation

Primary
Secondary

uv
Pig‘ e
Quick Burst

ASTM D3350
Thermal Stability (°C)

Technical Attachment

TR-418N
0.936-0.940
0.16-0.24 **

SAME

SAME

2900
>800

86,000.

>500

127

YES

YES

YES

(0.15 - 0.21)

Ductile

>220

TR-130 *
0.938

0.25

2900
>800

86,000

>500

127
YES
YES
NO

Ductile

>220

* | ot used in pipe Uponor’s six-inch pipe
** Historically 0.15 - 0.25



REIMBURSEMENT PROGRAM GUIDELINES
March 14,2001

.ELIGIBLE'PIPE: Six (6) inch diameter pipe produced by Uponor Aldyl Company
(“Uponor”) on July 21, 2000 and on July 22, 2000 (“eligible pipe™).

REIMBURSEMENT PROCEDURE: CPC will reimburse you for the reasonable and
necessary costs you incur for the replacement of eligible pipe. Following the replacement
of the eligible pipe, please send us a letter on your letterhead applying for reimbursement.
Please attach to-the letter sufficient supporting documentation for CPC to process the
application, showing with reasonable detail the various components of the reimbursement
application, including: location, identification of the eligible pipe removed, equipment
rental, and labor costs. This documentation should take the form of invoices, work orders
(for internal costs), or, for example, rental contracts for rented equipment. PLEASE
NOTE: corporate overhead, capital cost recovery, supervisor or manager time or legal
consultations are not subject to reimbursement under this program. Unless pre-approved
in writing, CPC shall have the sole authority under this program to determine the
reasonableness and necessity of charges.

PRE-APPROVAL PROCEDURE SUMMARY: CPC encourages applicants to provide
advance notice that replacement of eligible pipe is beginning or has begun at your
location(s). You can fax the attached Reimbursement Pre-Approval Form to us at our
office (fax: 713-289-4979). CPC is using the information to ensure that we have
sufficient resources available to provide any support you may need. CPC’s written
approval of a Reimbursement Plan will also confirm CPC’s acceptance of the
reasonableness and necessity of the activities reflected in it.

PROGRESS PAYMENTS: CPC recognizes that certain applicants might require
advance or “progress” payments. We will entertain requests that CPC provide progress
payments for applicants requiring such assistance. In order to facilitate review of such
requests, applicants requiring advance or progress payments should make the request
using the attached Reimbursement Pre-Approval Form. Please note that prior to issuing
an advance or progress payment, CPC will require a certification that the funds will be
used only for the replacement of eligible pipe. All other requirements of these guidelines
must be met.

__ _RECEIPT AND RELEASE: In order to ensure that any and all funds advanced in this
program are used exclusively for the purpose intended, that such disbursed funds have
been so used, and that the eligible pipe will not enter any secondary market, CPC will
require submission of a receipt, release and warranty sufficient to provide such
assurances. In addition, to assure the propriety of all payments hereunder, CPC reserves
the right to audit the records of any recipient of advance, progréss or reimbursement
payments hereunder for a period of two (2) years following the final payment. CPC
further reserves the right to request additional information from any applicant at any time
concerning the purchase, use, replacement or dJisposition of any eligible pipe, and
applicants agree by participating in this program to provide documentation on request.



REIMBURSEMENT PRE-APPROVAL FORM

CUSTOMER NAME:

ADDRESS:

CONTACT PERSON(S):

PHONE: ~ . FAX

E-MAIL:

REPLACEMENT WORK SITE:

DESCRIPTION OF ELIGIBLE PIPE TO BE REPLACED: (Size, Series, Lot #)

TOTAL NUMBER OF FEET OF ELIGIBLE PIPE:

DESCRIPTION OF FITTINGS REQUIRING REPLACEMENT:

TYPE OF INSTALLATION:

SPECIAL PROBLEMS: (e.g. paving, landscaping, elc.)

METHOD OF REPLACEMENT:

ESTIMATED COSTS

MATERIAL:

CONSTRUCTION:

~ TEQUIPMENT RENTAL:

OTHER PROPOSED COSTS: (explain)

TOTAL PROPOSED COST FOR THIS SITE:
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Anélysis of Uponor Pipe

Prepared for

Chevron Phillips Chemical Company LP
1301 McKinney Suite 3400
Houston, Texas 77010

Prepared by

Walter L. Bradley, Ph.D., P.E.

October 9, 2001



Introduction

Four sections of six-inch polyethylene natural gas distribution pipe cracked during routine
pressure testing after installation in Boston in December 2000 in weather that was below freezing
(5F-30F). It was subsequently determined that these four failed sections of pipe had been made
from TR130 rather than TR418N, which was the specified medium density gas pipe resin.
Further investigation documented that on several days in July 2000, certain gas pipe made at the
Uponor plant was made with TR130 resin. I have been asked to compare the impact resistance of
pipe made with TR130 resin to pipe made with TR418N and also to do a failure analysis on one
section of the pipe that cracked, failing pressure testing after installation but prior to being put
into service in Boston. This report summarizes the results of this investigation.

Background Information

Chevron Phillips Chemical Company LP has provided me the following basic information about
TR418N and TR130 resins. TR130 and TR418N are very similar polyethylene resins, satisfying
D3350 Cell Classification. They both result in medium density extruded polyethylene pipe. The
natural TR130 resin at issue had a density of 0.938, compared to a manufacturing specification
of 0.936-0.940 for TR418N (D3350 requirement: 0.925-0.940). The melt index of the TR130 at
issue was 0.25 compared to a manufacturing specification for TR418N of 0.16-0.24 (D3350
requirement: 0.15-0.40). This indicates that the TR130 and the TR418N are very similar in
viscosity, and therefore, should process in a similar manner. The weight average molecular
weight for the TR130 was 204,000-208,000 with a ratio of weight to number molecular weight
of 11.1-12.8, while the TR418N values were 207,000 and 11.8.

One would expect the mechanical properties for these two resins to be quite similar, and they are.
The flexural modulus for each was ~86,000 psi (D3350 requirement: 80,000-110,000 psi). The
tensile yield strength for both was ~2800 psi (D3350 requirement: 2600-3000 psi). The thermal
stability temperature in degrees C ranged from 238-258 for TR130 and from 243-268 for
TR418N (D3350 requirement: 220 minimum). The tensile elongation for both resins was ~870%
with a brittleness temperature of less than —75C (D3350 requirements: >500% and less than —
60C). Finally, the environmental stress cracking resistance (ESCR) as measured by the PENT
test gave values of >3000 hours for both the TR130 and TR418N (D3350 requirement: >100
hours). It is worth noting that the PENT specimen for the TR130 was remolded from a section
of pipe that failed the pressure testing and precipitated this investigation.

The only significant difference in the two resins is that the TR418N has oxygen and UV
stabilizers whereas TR 130 has only oxygen stabilizers. However, the coloring package used by
Uponor contains some UV stabilizer, though less than that in the TR418N resin. This difference

would only be significant if the gas pipe was exposed for some extended time to radiation from
the sun, which was not the case for this pipe.



Experimental Procedures

Materials Provided by Chevron Phillips Chemical Company LP for this Study — The
following materials were provided for this investigation:

e Two pieces of pipe (~18 inches in length) that were cut from the several pipes that failed
pressure testing in Boston in December 2000;
e Two-inch and six-inch diameter pipe made from TR130 resin and from TR418N resin;

e Pieces of TR130 pipe that was broken at low temperatures in a Dart test performed at
Chevron Phillips.

Fractographic Analysis -- Two portions (~15 inches) of 6-inch pipes that failed during
pressure testing were provided for mspection. These were carefully sectioned to open up the
cracks and permit inspection of the fractured surfaces. The fractured surfaces were carefully
examined using a binocular microscope at magnifications from 10X to 70X. Smaller pieces (~1-
inch cubes) were cut from the fracture surfaces of the two pieces of pipe for examination in a
scanning electron microscope. These pieces were then sputter coated with a gold-palladium film
and examined in the scanning electron microscope. The scanning electron microscopy

1inspection was performed on a JEOL 6400 SEM in the Electron Microscopy Center at Texas
A&M University.

Izod Impact Testing -- Since the failure of the pipe during pressure testing was ostensibly

by rapid crack growth (as opposed to bulging and rupture, or stress induced slow crack growth),

sharply notched Izod impact specimens cut from 2 inch and 6 inch pipe made from TR418N and

TR130 resins were tested. The TR130-TO8-072200 pipe used was made on July 22, 2000. This

pipe is from the same line and was made on the same day as the pipe that failed during pressure
testing in Boston and the pipe that broke in the Dart testing at Chevron Phillips.

The orientations of the Izod specimens cut from the pipe and tested are indicated in Figure 1.
The specimens were 0.5 inches by 0.25 inches, and 5” long. To
introduce notches/cracks in the Izod specimens that were as sharp as
possible, a machine that used a serrated razor blade as a cutting tool
was utilized. The cracks were cut to a depth of 20% of the
dimension of the specimen in the direction of the cut. Cracks labeled
A were cut across the 0.5-inch dimension to a depth of 0.05 inches,
leaving an un-cracked ligament of 0.20 inches. Cracks labeled B
were cut to a depth 0.1 inch, leaving un-cracked ligament of 0.4
inches. The test results from the specimens with the cracks in the B
orientation were more representative of crack growth in pipes,
whereas the specimens with cracks in the A orientation sometimes
failed by loading the uncracked ligament beyond its yield strength,
.. giving a very ductile, overload type of failure. Thus, only the
comparisons for specimens with B orientation cracks are significant.

Figure 1. Specimen
Nomenclature



Finally, crack growth in the specimens with orientations O (outside diameter), I (inside
diameter), and R (radial) is in a plane that cuts through the cross-section of the pipe. Pipe
failures for pressurized pipe, however, almost always result from cracks that grow along the axis
of the pipe, including the pipe that failed in Boston. Thus, the most relevant test results are
comparisons from specimens with the H orientation. Unfortunately, Izod test specimens could
not be cut from the 2” pipe. In fact specimens of only one orientation could be cut from the 2”

pipe; namely, through-wall specimens, which are labeled O+1 in Table 1. All test results are for
Izod testing at —40C.

Experimental Results

Izod Testing Results — The test results for the razor notched Izod tests are summarized in
Table 1. First, specimens with A-type crack orientation give results that are often very large
compared to specimens with cracks with B-type crack orientation. As previously noted, the
mode of failure in the A-type specimens sometimes by tensile overload rather than by crack
growth. Thus, these results are not significant for our purposes because the four Boston
pressure-testing failures were by crack growth, not by tensile overload. Thus, our analysis of the
data in Table 1 will focus on only tests for which the crack orientation is B-type (see Figure 1).

Second, the specimens of TR418N with cracks in the B orientation for specimens O, I, and R had
very similar Izod impact energies, implying that the resistance to crack growth (test groups 4,6,

and 8) is the same in each direction in the plane perpendicular to the axis of the pipe
(radial/circumferential plane).

Third, Izod impact energies for test specimens cut from six inch pipe made from TR418N resin
and TR130 resin are both 5.7 KJ/m?, indicating that the difference in resin did not produce any
significant difference in resistance to rapid crack growth in the circumferential direction (test
groups 2 and 4). However, the most meaningful comparison of the resistance to rapid crack
growth of TR418N and TR130 resin made into six-inch pipe is for H specimens with razor
notching in the B orientation (see Figure 1). The results seen in Table 1 for test groups 16 and 18
indicate no difference in resistance to rapid crack propagation. Note that such a comparison for

2-inch pipe could not be made because suitable specimens could not be cut with this orientation
in 2-inch pipe.

Fourth, two-inch pipe made of TR130 resin by two different manufacturers (see group numbers
10 and 14 in Table 1) indicated a very similar resistance to rapid crack propagation as measured
in a razor notched Izod test to two-inch pipe made of TR418N.



Table 1. Summary of Izod Test Results on Razor Notched Specimens
(See Figure 1 to clarify nomenclature in Table 1.)

Specimen Crack Material Pipe  Fracture Energy Test Group
Type Type Processing Dia (in.) KJ/m’ - Number

R A TR130-T08-072200 6 24.3* 1

R B TR130-T08-072200 6 5.7% 2

R A TR418N-T08-071900 6 24.3* 3

R B TR418N-T08-071900 6 5.7% 4

I A TR418N-T08-020601 6 5.4 5

I B TR418N-T08-020601 6 5.4 6

O A TR418N-T08-020601 6 49 7

0) B TR418N-T08-020601 6 6.0 8
O+1 A TR130-Lot 81-9-CPC 2 25.5%* 9
O+1 B TR130-Lot 81-9 CPC 2 6.0* 10
O+I A TR418N-T04-012901 2 6.1 11
O+l B TR418N-T04-012901 2 5.8 12
O+1 A TR130-T01-072200 2 34.0 13
O+1 B TR130-T01-072200 2 5.2% 14

H A TR130-T08-072200 6 9.7* 15

H B TR130-T08-072200 6 2.8* 16

H A TR418N-T08-071900 6 8.7* 17

H B TR418N-T08-071900 6 2.8 18

o *Avg. of 5 tests **Avg. of 3 tests
e Most important comparisons: 16 to 18 for six-inch pipe, and 10 and 14 to12 for two-inch
pipe. :

Fractography — Boston Pressure Test Failure and Dart Laboratory Failure —
Macroscopic View

Only one of the two pieces of six-inch pipe made of TR130 resin that failed pressure testing in
Boston that were provided had the actual crack origin site. My purpose was to see if the
cracking started at a manufacturing defect, some impurity in the resin, or possibly at a field weld.
The results of the fractographic examination at low magnification are seen in Figures 2. Figure 2
(top) is from the surface from the failed pipe, showing that the fracture originated adjacent to the
weld, not at or in the weld. The smooth region is the region of crack initiation while the regions
with lines (so-called chevrons) point in the direction of local crack growth and also indicate a
brittle fracture. For comparison, a specimen of TR130-T08-072200 6-inch pipe that failed by
brittle fracture in a Dart test at —40C is also shown in Figure 2 (bottom). The chevron marks
characteristic of brittle fracture point back to the origin site.

The absence of any significant reduction in cross-section of either the Dart laboratory test or the
pipe that failed the pressure testing in Boston further suggests that both were brittle failures.



Microscopic View -- Using Scanning Electron Microscope

The scanning electron microscopy image of the fractured surface at the origin site for the pipe
that cracked during pressure testing in the field is seen in Figure 3. Figure 3A is taken at the
origin site at 12X magnification while Figure 3B is the smooth area from the top of Figure 3A,
but taken at 1000X. Figure 3C is taken away from the origin site, where the crack is running
rapidly and the fracture is even more brittle, as evidenced by the smoother fracture surface.

The scanning electron microscopy image of the fractured surface at the origin of a Dart
test specimen cut from a piece of 6-inch pipe, TR130-T08-072200, and tested at minus 18C is
seen in Figure 4A at 12X magnification and in Figure 4B at 1000X. The fracture surfaces are
similar to the field failure that occurred at a similar temperature and with the same TR130-T08-
072200 extruded pipe, as seen in Figure 2A and 2B.

Summary -- The fractographic examination of the TR130-T08-072200 six-inch pipe that
failed during field pressure testing in Boston and during Dart tests at —18C in laboratory tests of
specimens cut from the same pipe indicates brittle failure in some pipe manufactured from TR
130 on a single production line on July 22, 2000.



Figure 2. Top — 2A, showing fractured surface of field failure of 6-inch pipe TR130-T08
Bottom — 2B, showing fractured surface of Dart specimens cut from above pipe.



Figure 3A. Scanning -electron
microscopy image of fractured
surface of TR130-T08 6-inch
pipe that failed during pressure
testing, taken at the origin of the
fracture. 12X

Figure 3B. Scanning electron
microscopy image of fractured
surface of TR130-TO8 6-inch
pipe that failed during pressure
testing, taken at the origin of the
fracture. 1000X

Figure 3C. Scanning electron
microscopy image of fractured
surface of TR130-T08 6-inch
pipe that failed during pressure
testing, but taken away from the
origin site where crack is
“running”. 1000X



Figure 4A. Fractured surface of
Dart specimen of TR130-T08
cut from 6-inch pipe and tested
at —18C. 12X

B e e oS L T P

Figure 4B. Fractured surface of
Dart specimen TR130-T08 cut
from 6-inch pipe and tested at —
18C.

1000X

Discussion

Chevron Phillips has conducted Dart tests on specimens cut from 2-inch, 4-inch and 6-inch
diameter pipes and tested them from room temperature to —40C. Some six-inch pipe made with
TR 130 resin on a single production line on July 22, 2000 has been found to give brittle failures at
low temperatures for Dart testing. This is consistent with the observed fact that the only pipe to
fail pressure testing in Boston was six-inch pipe made from TR130 on the same production line
on the same day . Since no incipient notch or flaw was found at the origin site for the pipe that
failed pressure testing in Boston and since the Dart specimens were also un-notched, one would
expect the Dart testing to correlate well with the field service, and it does.

Only six-inch pipe made with TR130 resin on a single production line on July 22, 2000 has
experienced failures, either during pressure testing in Boston or in a brittle fashion during Dart
testing at low temperatures in the laboratory.



Izod testing of razor notched specimens indicates that the resistance to rapid crack propagation of
pipe made from TR418N resin and TR130 resin is essentially the same.

This result is consistent with the results from PENT test and HSB lifetime predictions, with all
three implying that the fracture behavior of TR418N and TR130 are essentially the same.

The absence of field failures for other sizes of pipe made from TR130 resin and the ductile
behavior of specimens cut from these pipes during Dart testing indicates that there is nothing
inherent in the TR130 resin that can account for the failures that occurred during pressure testing
of six-inch TR130 pipe in Boston. The fact that ONLY six-inch pipe of TR130 resin extruded on
one production line on a single day failed in a brittle fashion during pressure testing in Boston
and Dart testing in the laboratory further supports the proposition that there is nothing inherent in
TR130 resin that necessarily leads to the production of pipe that is brittle. This proposition is

further supported by the wide range of mechanical properties that were found to be essentially
identical for TR418N and TR130 resins.

In sum, a combination of factors including cold weather the day the pressure testing took place,
possibly assisted by some field impact somehow caused the failure of the pressure test.

However, the detailed explanation of what caused the failure of the pressure test to occur remain
obscure.
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TABLE 1 Outside Diameterz and Tolerances lor Pisatic Pipe, in. {mm)

Tolerances
) . For Maxmum and Minmurm Out-of-Rouncness
Hom;i PIP2 o iside Diameter Toierance - _-' — SoR 17
: SDR 32.5 SDR 26, .. SDR 21 SDR 13.5
. : o : SDR 11

v 0.840 {21.3) =0.004 {=0.102)1 =0.015 (=D.281) =0.C08 {=0.203
e 1.050 (25.7) =0.004 (=0.102) =0.015 {=0.381) =0.010 (=0.254)
1 1.315(33.4) =0.005 {£0.127) =0.015 (=0.381) =0.010 (=0.254)
1 1.660 (42.1) =0.005 (=0.127) =0.015 (=0.381) =0.012 (=0.305)
14 1.900 {48.3) +0.006 [+0.152) =0.030 (=0.762) =0.012 (+0.305)
2 . 2.375(60.3) =0.006 (=0.152) ,, =0.030 (0.762) 20.012 (£0.205)
215 2,875 (73.0) =0.007 {=0.179) ~ %0.030 (=0.762) =0.015 (=0.381)

3 3.500 {88.9) =0.008 (x0.203) . =0.030 {=0.762) =0.015 (=0.381)
34 4,000 {101.6) =0.008 (=0.203) =0.050 (=1.25) =0.015 (£0.381)
4 4.500(114.3) =0.009 (x0.229) =0.050 (+1.25) =0.015 (£0.381)
5 £.563 (141.3) =0.010 {=0.254) .- .. =0.050 (+1.25) =0.030 {+0.762)
] £.525 (168.3) =0.011 (20.279) +0.060 (+1.50) +0.055 {(=1.370) =0.050 {=1.25) =0.035 {=0.889)
g 8.625 (219.1) =0.013 {£0.330) =0.12 (23.05) =0.080 (£2.03) =0.080 (=1.50) =0.040 {£1.02)
10 10.750 (273.0) =0.015 (+0.381) =0.12 (£3.05) =0.10 {=2.54) =0.070 (+1.79) - " =0.050 (=1.25)
12 12.750 {323.8) =0.017 (£0.432) =0.14 [£3.56) =0.10 (+2.54)

Plastic Pipe Institute: TR-3, Policies and Procedures for
- Developing Recommended Hydrostatic Design’

Nauonal Fire Protection Association: NFPA 58, Storage
and Handling L:queﬁcd Petroleum Gases?

3. Terminology

3.1 Derninitions—Definitions are in accordance with Ter-
minology F 412 -and abbreviations are in accordance with
Terminology D 1600, unless otherwise specified.

3.2 The gas industry terminology used in this specification
is in accordance with ANSI B31.8 or 49 CFR Pant 192,
unless otherwise indicated.

3.3 The term pipe used herein refers 10 both pipe and
tubing unless specifically stated otherwise.

3.4 standard thermoplastic material designated code—the
pipe material designation code shall consist of the abbrevia-
1ion for the type of plastic (PE, PVC, PB, or PA) followed by
Arabic numerals which describe the short term properties in
accordance with applicable ASTM standards, the hydrostatic
design stress for water at 73.4°F (23°C) in units of 100 psi
with any decimal figures dropped. Where the hydrostatic
design stress code contains less than two figures, a zero is
used before the number. Thus, a complete material designa-
tion code shall consist of two or three letters and four figures
for plastic pipe materials. For example, PE 2406 is a grade
P24 polyethylene with a 630 psi design stress for water at
73.4°F (23°C). It should be noted that the hydrostatic design
stresses for gas may be different than those for water and are
not used in this designation code.

3.5 thermoplastic pipe dimension ratio (DR)—the ratio of
pipe diameter to wall thickness. It is calculated by dividing
the specified outside diameter of the pipe, in inches, by the
minimum specified wall thickness, in inches. The standard
dimension ratio (SDR) is a common numbering system
Xhigh is derived from the ANSI preferred number series

. R 10.

7 Plastic Pipe Institute, Division of Society of the Plasuc Industry. Inc.. 355
1exingion Avenue, New York, NY 10017, -
- ¥ National Fire Prcu:mon Asocxauon. 470 Al.lznuc Avenue,
.- MAD2210.

Boston,

o

+0.070 (%1.79) =0.050 (+1.25)

3.6 'toe-in—a small reduction of the outside diameter at
the cut end of a length of thermoplastic pipe.

4; Materials

4.1 General—The plastic used to make pipe, tubing. and
fiings shall be virgin plastic or reworked plastic (see 4.2) as
specified in the Annexes and shall have a PPI recommended
tang-1erm hydrostatic stress rating.

4.2 Rework Maferigl—~Ciean rework material of the same
commercial designatiot generated from the manufacturer's
5wn pipe and litung production may be used by the same
‘manufacturer as long as the puxs tubine..and ftting pro-
‘duced meet all the requirements 6t this specification.

NOTE |-—Reflersnces and mataria) descriptions for ABS, CAB, PB,
PE2306, PE3306 and PE3406 have been removed from D 2513,
Elimination of these materials does not affect the pipelines that are in
service. They can siill be used for gas distribution. The main reason for
removing these materials from this standard is to reflect the current state
of the art in gas distribution plastic piping.

5. Requirements

5.1 General—See the annexes for specific product re-
quirements in addition to the following. Pipe and tubing
may be supplied in either coils or straight lengths. Any pipe
and tubing supplied in coils must meet the same require-
ments before and after coiling.

5.2 Workmanship—The pipe, tubing, and fittings shall be
homogeneous throughout and free of visible cracks, holes,
foreign inclusion, blisters, and dents, or other injurious
defects. The pipe, tubing, and fittings shall be as uniform as
commercially practicable in color, opacny, density, and
other physical properties.

3.3 Pipe and Tubing Dimensions and Tolerances:

5.3.1 Dimension—The dimensions shall be specified by

‘wall thickness and outside diameter.

3.3.1.1 Diameters—The outside diameter shall meet the
requirements given in Tables 1 or 2 when mcasurcd in
accordance with 6.5.

5.3.1.2 Toe-In—When measured in accordance with
6.5.1.1, the outside diameter at the cut end of the pipe shall
not be more than 1.5 % smaller than the undistoried outside
diameter. Measurement of the undistorted outside diameter .



i D 2513

TABLE 2 Plastic Tubing-Diametars, Wall Thickneases, and TABLE 3 Wail Thicknesses and Tolerancas lor Plasnc Pipe, .
Tolerancas, in. {(mm) {mm)2-2 - .
NOminal R . o Mirwmoum wal Normnai R
Tuing - OUS Toeranca - WAl Trucikness Fips Size DRC Mrumum Toserance
Siza (CTS) Diarmatsr . . Thickness Toleranca IPS)
Va 0575 (9.52) '=0.004 (=0.10) 0.082(1.58) +0.006 (+0.15) 2 L 0.062 (1.58) +0.007 {+C.178)
e 0.500 (127) =0.004 (£0.10) 0.062(1.58) - +0.005 (+0.15) 1.0 0.076 {1.83) +0.009 (+0.229)
W 0.625 [15.5) =0.004 (x0.10) 0.052(1.58) +0.006 (+0.15) 9.23 0.030 (2.29) ~0.011 (~0.279)
v~ 0.525(15.8) =0.004 (x0.10) 0.050 227) - +0.009 {+0.23) ‘ :
% 0.525 (15.9) =0.004(x0.10) 0104 (2.64) +0.010(+0.25) ¥a .0 0.090 {2.29) +0.011 (+0.279)
EA D.875(22.2) =0.004 (=0.10)  0.062{1.58) +0.006 (+0.15) 11.0 0.085 {2.41) +0.011 (+0.279)
¥ 0.875(222) ==0.004 (xD.10)  D.077(1.85) . +0.008 (+0.20) Seh 40 0.113 2.87) | +0.014 (+0.3561.
% 0.875(22.2) =0004 (x0.10) 0.080{227) +0.008 (+0.23) ] _
1 1.125 (28.6) =0.005 (0.13) = 0.062(1.58) +0.007 (+0.18) 1 ] 0.090 (2.29) +0.011 [+0.279)
1 1.125 (28.6) =0.005 (x0.13) - 0.080 (227} +0.011{+0.26) 135 0.097 (2.46) +0.012 1+-0.305)
1 1.125 (28.6) -x0.005 {£0.13) 0.089 (2.51) +0.012 (+0.31) 110 0.119 (3.02) +0.014 (+0.355)
1 1.125(28.8) x0.005 {=0.13) 0.101(2.56) +0.012 (+0.31) 9.9 0.133 (3.28) +0.016 {+0.406}
1 " 1.125(28.6) =0.005(x0.13) 0.121(3.07) +0.015 (+0.38) 8.33 0.140 (3.56) +0.017 (+0.432)
1% 1.375(@49) =0.005 (£0.13)  : 0.062(1.58) +0.007 {+0.18)
LA 1.375 (34.9) =0.005 (z0.13) 0.080 (227) +0.011 (+0.28) 1 o 0.050 (2.29) £0.011 (+0.278)
T 1375 (34.8)  =0.005 (=013} . 0.121(3.07) +0.015,+0.38) 17.0 0.098 {2.49) +0,012 (+0.305)
1% 1.875 {47.5) +0.006 (£0.15) . 0.082 (1.58) +0.007 (+0.18) 135 0.123 [3.12) +0,015 (+0.381)
; g . : - Sen 40 0.140 {3.56) +0.017 {+0.432)
' 11.0 0.151 {3.84) +0.018 (+0.457)
shall be made no closer than 1.5 pipe diameters or 11.8 in. “97-23 g.:gg ﬁﬁ; :g:ggf: ::gggg;
(300 mm), whichever qimnpe is less, from the cut end ot: the 6.0 0.277 (7.04) +0.033 (+0.838)
pipe. Undistorted outside diameter shall meet specifications ,
on Table 1 or 2 1 5 0.090 (2.29) +0.011 (+g§;9)
<13 Wall Thi ; 17 0.112 (2.85) +0.013 (+0.330)
53.13 Wall Thickness—The wall thxpkncss shall be as 135 Dacs aemy 10017 1Az
specified in Tables 2 or 3 when mieasured in accordance with Seh 4o 0.345 (3.68) +0.017 (+0.432)
6.5.1.2. The minimum wall thickness at any point of 1 0.173 (4.39) +0.021 (+0.533)
measurement ‘shall_ be not less than the minimum wall 2 - 0113 @87 +0.014 (+0.256)
thickness specified in Tables 2 or 3. 17 5.140 (3.56) +0.017 {+0.432)
5.3.1.4 Wall Thickness Eccentricity Range—The wall Sch4d - 0.154(3.91) +0.018 (+0.457)
thickness eccentricity range shall be within 12 % when :1135 g.;g g:g :g.gg ::gﬁ:
measured in ac;ordan;c with.6.5.l.3. : ) ] om 0.255 (5.48) +0.031 (+0.787)
5.3.1.5 Ovality—The ovality (cross section) of the pipe
shall not exceed 5 % when measured in accordance with 24 f; cﬂug; (:‘;;g; : ..+g.g;g ::g.;gg;
i 3 1169 ( +0. .
6.5.3. Measurements on coiled pipe shall be made on 2 135 0213 (5.41) +0.026 (+0.650)
sample cut from the coil. 1" 0251 (6.63) 0,031 (40.787)
Note 2—Other factors, that is, installation compaction, static soil 3 21 0.187 (4.24) +0.020 {+0.508)
loading, and dynamic vehicular loads may increase the ovality; there- i 17 0.206 (5.23) +0.025 (+0.835)
fore, § % was chosen as the limit for the amount contributed by Sch 40 0216 (5.49) +0.026 (+0.660)
manufacturing, packing, in-plant storage, and shipping. For further :-;!; 0.259 {6.58) +8.$é (:g.;ﬂ)
information, see the literature.? 0.304 (7.72) +0.036 (+0.914}
. 1 0.318 (B.08) +0.038 {+0.965)
. . .y . 5 (45 (+1.143
5.3.1.6 Length—The pipe and tubing may be supplied in 933 0375 (359 +0.045 )
straight lengths or coils as agreed upon between the manu- 3% 21 0.190 (4.83) +0.023 (+0.584)
facturer and the purchaser. The length shall not be less than :; . gigg g.jgg, +g.g§ré gg;: 1;
ini . . ) +0. .
;ﬂ;lalmmum length agreed upon when correcied to 73°F b 083 am) 1o 110

5.3.1.7 When sizes other than those listed in Tables 1, 2,
or 3 are used, tolerances shall be: for outside diameter, use
same tolerance of next smaller size; for wall thickness, use
same tolerance percentage as shown in the tables.

5.3.2 Finings—Fittings shall mest the requirements given
in the applicable Annex.

5.4 Chemical Resistance—The pipe, tubing, and fittings

shall ‘ot increase in weight more than 0.5% (1.0 % for
toluene in methanol). Where the test specimen is a pipe ring,
the material shall not change more than %12 % in apparent

‘. "{\Hman, W, B., “Eanhloading Design Considerations for Polyethylene Gas'
Distribution Sysiems.™ Procredings of the Fifih Plastic Pipe Symposium. Nov.

13-15, 1974, Houston, TX. A.G.A., 1513 Wilson Bivd., Arlington, VA 22209, p.
55-71. " : h -

Tavle 3 is comtinued

tensile yield strength when measured in accordance with 6.9.
Where the test specimen is a plaque, the material shail not
change more than +12 % in tensile strength at yield when
measured in accordance with Test Method D 638. See
Annex AS for specific requirements for polyamide pipe.
NOTE 3—This pipe/tubing test is only an indication of what will

happen as a result of short term exposure 10 these chemicals, For long-
term results, additional 1esting is required.

5.5 Sustained Pressure—The pipe, tubing, fittings, or -
systems shall not fail as defined in Test Method D 1598,
when tested in accordance with 6.6.

5.6 Elevated Temperature Service—Plastic piping mate-
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"TABLE 3 ‘Continusd

Nomunal .
Pipe Size DR€ Minenum Tolerance
{iPS) :
4 21 Lo 0.214 [5.44) -~ .+Q.026 {+-0.680)
19 0.237 (6.02) -+0.028 {(+0.711)
17 " 0.264 (B.71) 240,032 (+0.813)
135 0.333 (8.46) +0.040 (+1.016)
118 0.391 (9.93) 40,047 (+1.194)
11.0 0.409 (10.39) . +0049 (+1.246)
-8.23 0.482 (12.24) +0.058 (+1.473)
£ - 2186 .258 (6.55) , +0.031 {+0.787)
21 ..0.265 (6.73) +0.032 (+0.813)
17 0.328 (8.23) +0.039 {+0.991)
13.5 0.413 {10.42) +0.050 (+1.270)
1 0.506 (12.85) +D.051 {+1.549)
6 325 ©.204 (5.18) “+0.024 (+0.510)
26 0.255 (6.48) +0.031 (+0.787)
237 0.280 (7.11) +0.034 (+0.864)
21 0.316 (8.03) +0.038 (+0.865)
17 0.380 (9.91) +0.047 {(+1.194)
135 0.491 {12.47) +0.059 {-+1.499)
11.5 0.576 {14.53) +0.069 (+1.753)
1.0 0.602 (15.29) . +0.072 (+1.829)
8 a2s 0.265 {6.73) +0.032 (+0.813)
26 0.332 {8.43) +0.040 (+1.016)
21 0.410 {10.41) +0.049 (+1.245)
17 0.508 (12.20) - +0.061 {+1.549)
13.5 0.639 116.23) +0.077 (+1.956)
1.5 . 0.750 (19.05) ~0.090 {+2.286)
11 0.785 (12.94) +~0.094 {-r2.388)
10 325 0.331 (8.41) +0.040 (+1.016)
25 0.413 {10.49) +0.050 (+1.270)
21 0.511 (12.28) +0.061 (+1.549)
17 0.623 (16.08) <0.076 {+1.930)
13.5 0.797 (20.24) +0.096 (+2.436)
115§ 0.935 {23.75) +0.112 (+2.845)
11 0.978 (24.84) +0.117 (+2.972)
12 325 0.392 (9.96) +0.047 (+1.184)
26 0.490 (12.45) +0.059 {+1.499)
21 0.50B {15.44) +0.073 (+1.654)
SRt 0.750 (19.05) +0.050 {+2.286)
135 0.945 (24.00) +0.113 (+2.870)
1.5 1,109 [28.17) +0 133 (+3.378)
" 1 160 (29 46) +0.139 (+3.531)

* The sizes bsted in Tabie J are those commercially available sizes used by the
gas ;naustry )

# The murimum is the lowest wall thickness of tha pipe at eny Cross secton

The maximum permitied wall Tuckness, at any Cross Sacbon, 1S tha minmum wal

meoxness Dius the slated toleranca. All tolerances ara on tha plus sxie of the
TUUMLIM reQueremant

©Tha DR snown are cesignations commeonly sccepted by the gas industry and
0o ot caicutate exactty.

P Thasa wall tNickNesses are Murumum and are not 8 funcoon ol the dimension
TRLOS

rials intended for use at 1emperatures above 100°F (38°C)
shall have the PPl recommended hydrostatic design basis
(HDB) determined at the specific temperature in accordance
with Test Method D 2837. The 100 000-h intercept (long-
term strength) shall be categorized in accordance with Table
4 and be listed as the *“*hydrostatic design basis of XXX psi at
XXX °F (C) for (compound name).”

NOTE 4—Many design factors for elevated temperature service

cannot be covered in this specification. Users should consult applicable
codes for limitations on pertinent maximum temperaturss.

NoTE 5—In the absence of a HDB established at the spccxﬁcd
lemperature,” the HDB of a higher temperature may be used in

desermining a design pressure vaung at the sp:ciﬁ':d temperaters by
arithmetic inlzrpolation. :

5.7 Minimum Hydrostatic Burst Pressure—~The burst te-
quirements-for plastic pips and tubing shall be as gjvcn in the
4ppropnar Annexes
avparcnt tensile strenyths at yield for plasuc pxpc and mbmg

art given in the annexés when determined in accordance
with 638 : :

5.9 Joints: : :

5.9.1 Solvent Cemented—Joints of -solvent c-menlablc
pipe and fittings shall be made in accordance with the user’s
writien procedure.

5.9.2 Heat Fusion:

5.8.2.1 Heat fusion joints of Lhcrmopla.suc pipe and
finings shall be made in accordance with Pracu;c D 2657
and the uscr s written proccdurc .

5.9.2.2 PE burt fusion joining shall be bctwecn compo-
nents (DXPCS fittings, or valves) having the same SDR or DR.
Butt fusion betwesn unlike SDR or DR components shali be
‘allowed only if &t has been demonstrated that long term
pc*formancr: is not adversely affected. The minimum re-
quircment to demonstrate long term performance shall be
the validation procedure for PE in Test Method D 2837. The
Hydrostatic Design Basis Category {HDBC) of the PE
material shall be validated using specimens containing butt
fusion joints resulting from different SDR’s or DR's (pipe/
pipe joims of the given PE material that pass shall validate
pipe/pipe, pxpc/ﬁmng, or nmng/ﬁmng Jomts of the same
SDR ratio for that PE material).

5.9.3 Mechanical--Mechanical fittings shall be instailed
in accordance with the user's written procedures and the
fiing manufacturer's recommended installation instruc-
tions. The joint shall be tesied in accordance with the specific
design category as outlined in 6.10.

5.10 Plastic Valves—Al] plastic gas valves shall meet the
requiremnents of ANSI Standard B16.40. -

6. Test Methods

6.1 General—The test methods in this specification cover
plastic pipe, tubing, and fittings to be used for gas distribu-
tion. Test methods that are applicable from other specifica-
tions will be referenced in the paragraph pertaining to that
particular lest.

6.2 Sampling-—~Take a sample of the pipe, tubing, and
fittings sufficient to determine conformance with this speci-
fication. About 40 ft (12 m) of pipe or tubing is required to
make all the tests prescribed. The number of fittings required
varies, depending upon the size and type of fitting. It is
suggested that a sampling plan be agreed upon by the
purchaser and the manufacturer (see Practice D 1898).

6.2.1 Pipe Test Specimens—Not less than 50 % of the test
specimens required for any pressure test shall have at least a
part of the marking in their central sections. The central
section is that portion of pipe which is at least one pipe
diameter away from an end closure.

6.3 Conditioning—Unless otherwisc specified, condition

the specimens prior to test at 73.4 = 3.6°F (23 = 2°C) and 50 .
‘% 5 % relative humidity for not less than 40 b, in accordance -

with Procedure A of Practice D 618 for those tests where
conditioning is required and in all cases of disagreement.
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| 64 Test Conditions—Conduct the test in the standard -

laboratory zumosphere of 73.4 = 3.6'F (23 2'C) and 50 =
$ o reiarve humidity, unless otherwise spcciﬁcd.

6.5 Dimensions and Tolerances: = )
...6.5.1 Pipe and Tubing—Any length of pipe or tubing may
be used 1o determine the dimensions. Coiled pipe shall be
measured in the natural springback condition, unless speci-
fied otherwise, ) ‘

6.5.1.1 Diameter—Measure the diameter of the pipe or
1ubing in accordance with Test Method 1) 2122. Tbc.avemg.c
outside diameter for nonroundable pipe is the arithmetic
average of the maximum and minimum diameters at any
cross section on the length of the pipe. For roundable pipe
the tolerances for out-of-roundness shall apply to measure-

ments made afier the pipe is rounded with the manufactur-
er's recommended equipment. See Test Method D 2122 for
definitions of nonroundable and roundable pipe.
6.5.1.2 Wall Thickness—Make a minimum of six mea-
surements 4t each cross section in accordance with Test
Method D 2122, . )

6.5.1.3 Wall Thickness Eccentricity Range—Measure 1n a
manner such that the maximum, 4, and the minimum, B,
wall thickness at singie points of each cross section measured
are obtained. Calculate the wall thickness eccentricity range,
E, in percent for each cross section as follows:

E=[(d— B)/A] x 100 (1)

6.5.1.4 Length—Measure pipe or tubing length and other
linear dimensions with a steel tape or other device, accurate
10 =Yz in. (=] mm) in 10 ft (3 m). '

6.5.2 Fittings—Measure the dimensions of fittings in
accordance with Test Method D 2132,

6.5.3 Ovality:

6.5.3.1 Apparatus—A micrometer or vernier caliper accu-
rate 10 within =0.001 in. (=0.02 mm).

6.5.3.2 Procedure—Take a series of outside diameter
A{OD) measurements at closely spaced intervais around the
.circumference to ensure that the minimum and maximum
-diameters have besn determined.

6.5.3.3 Calculation—Calculate the percent ovality as fol-
lows:
maximum OD ~ minimum OD
minimum OD + maximum OD

% ovality = x 200 )

6.6 Susta:ned Pressure Test:

6.6.1 Select six 1est specimens of pipe. tubing, or fittings at
random. condition at the standard laboratory test tempera-
wre and humidity. and pressure test in accordance with Test
Method D 1598.

6.6.1.1 Test specimens shall be prepared so that the
minimum length of pipe on each side of the fitting is equal to
5 times the diameter of the pipe but in no case less than 12
in. (304 mm) for sizes less than 6 in. For sizes 6 in. and
larger, the minimum length shall be equal to 3 umes the
diameter or 30 in. (762 mm), whichever is shorter.

6.6.1.2 Pressures used shall be as shown in the annexes or
as calculated (using the pipe or tubing’s actual measured
-minimum wall thickness, outside diameter, and the appli-
cable fiber stress shown in the annexes), whichever is greater.
Piping intended for use at temperatures of 100°F (38°C) and
higher shall be tested at both 73°F (23°C) and the maximum
design temperature. The test fiber stress shall be the hydro-

static design basis (HDB) or 80 Sz of the 100 000-h intercepr
of the material, whichever is greater.

NOTE 6~—Air, methane, or nirogen may be substituted for water as
the 1est medium. T

6.6.2 Maintain the specimens at the pressures required.
held 10 =10 psi (0.07 MPa), for a period of 1000 h at the test * ~
temperature *3.6°F (+2°C) as specified in 6.6.1. o

6.6.3 Failure of o of the six specimens tested shall
constitute failure in "the test. Failure of one of the six
specimens tested is cause for retest of six additional speci-.
mens. Fajlure of one of the six specimens in retest shall
construte failure in the test. Evidence of failure of the pipe
shall be as defined in Test Method D 1598.

6.7 Minimum Hydrostatic Burst Pressure (Quick Bursi)—
The test equipment, procedures, and failure definitons shail
be as specified in Test Method D 1599 and the annexes.
Pressures shall be as shown in the Annexes or as calculated
{(using the pipe or tubing’s actual measured minimum wall
thickness, outside diameter, and the applicable fiber stress),
whichever is greater,” ’ :

6.8 Apparent Tensile Properties—The procedure and test
equipment shall be as specified in Test Method D 2290,
Procedure B. The speed of testing shall be 0.5 in. (12.7
mm)/min. Cut “ring” specimens from pipe or tubing. They
shall be 12 in. (12.7 mm) wide with a V4-in. (6.3-mm) wide
reduced section. Test 2 minimum of five specimens. This
method is applicable to all pipe and tubing of nominal Ye-in.
(19.0-mm) outside diameter and larger.

6.9 Chemical Resistance—Determine the resistance to the
following chemicals in accordance with Test Method D 543.
Where available, the test specimen shall be a ring 2 in. SDR
11 pipe cut to the ring dimensions specified in 6.8. For
materials that are'not readily available as 2 in. SDR 11 pipe,
the test specimen shall be a plaque of material '« by 2 by 4
in. (6.3 by 50.8 by 101.6 mm) with a 1 in. (25.4 mm) wide
reduced section. .

Chemicals Conceatration (5 by voluroe)
Mineral oil (USP) 100
Terdary-buty! mercaptan 5 in mineral oil

- Anufresze agents (at feast one shall be usad):

Methano, or 100
Ethylene glycol 100
Toluene 15 in methanol

Test five specimens with each chemical. Weigh the speci-
mens to the nearest 0.005 g and completely immerse them in
the chemicals for 72 h. On removal {from the chemicals, wipe
the specimens with a clean dry cloth. Condition in air for 2
10 2% h and reweigh. Calculate the increase in weight to the
nearest 0.01 % on the basis of initial weight. Test the
specimen in tension in accordance with 6.8 within ¥z h after
weighing. Examine the weight and apparent tensile strength
of each specimen for conformance 10 the requirement in 5.4.

Note 7T—Caution: Because of the possible 1oxicity of these reagents,-
refer 1o the Material Safety Data Sheet on zach of these reagents before
using or handfing them. ’

6.10 Categorization of Mechanical Joints—The following
test methods provide a uniform procedure for qualification
or categorization of mechanical joints using short term .
pullout resistance tests and burst tests. The mechanical joini
categories and test methods are as follows:

" 6.10.1 Category 1—A mechanical joint design that pro-
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vides 2 saal plus a resistance to 2 force on the pipe end equal
to or greater than that which will cause a permanent
deformation of the pipe .or tubing.

6.10.1.1 The apparatus and report shall be as specified in
Test Method D 638. The test shall be conducted at ambient

temperatures, that is, 67 = 10°F (19.4 = 5.6° *C). The speed of -

the testing shall be 0.2 in. (5 mm)/min = 25 %. Five
specimens shall be prepared followmg the manufacturer’s
published installation instructions. Lcngth of the specimens
" shall be such that the unreinforced distance bctwecn the grip
of the apparatus and the end of the stiffenei is at least five
times the nominal outside diameter of the pipe size being
tested. Apply a load until permanent deformation (yield)
occurs in the unreinforced area of the piping or tubing.
6.10.1.2 Results obtained from the above method pertain
only 1o the specific outside diameter, wall thickness, and
commpound of the piping or tubing used in the 1est and
specific fiting design tested.

Note 8—Tre ability 10 restrain pipe or tubing 10 its yield as specified
above does not guarantee that a properly instzlied joint will prevent
pullout under actual long-term field conditions. Joints that cannot pass
this test would be expected to pullout under actual long term field
conditions. To date, this test is 'Lhc best available for dxsquahﬁmg
unsournd joints. .

6.10.2 Category 2—A mechanical joint design that pro-
vides a seal only (see Appendix X2.5.5). A mechanical joint
designed for this category excludes any provisions in the
design or installation of the joint 1o resist any axial pullou‘
forces; therefore, tensile tests are not required.

6.10.2.1 The 1est assembly shall meet the burst 1est
requirements of 5.7 when tested in accordance with Test
Method D 1599 with end closures designed in accordance
with Test Method D 1599.

6.10.3 Caiegory 3—A mechanical joint design that pro-
vides a seal plus a pipe resiraint rating equivalent to the
anticipated thermal stresses occurring in a pipeline (see
-Appendix X2.4). This category has a manufacturer’s rated
pipe end restraint less than the value required to vield the
pipe as outlined in 6.10.1 (Category 1).

6.10.3.1 The procedurss and testing shall be the same as
outlined in 6.10.1 (Category 1) except the tast tensile values
shall mest the rated values published by the mechanical
fining manufacturer.

“Jlar!ung

7.1 Pipe~—All required marking shall be legible, visible.
and permanent. To ensure permanence. marking shail be
applied so it can only be removed by physically removing
part of the pipe wall. The ma:kmg shall (1) not reduce the
wall thickness 10 less than the minimum value for the pipe.
(2) not have any effect on the long-term strength of the pipe.
and (3) not provide leakage channels when elastomeric
gasket compression fittings are used to. make the joints..
These marking shall consist of the word GAS. the designa--
tion ASTM D 2513. the manufacturer's name or trademark,
the normal pipe size including the sizing system used (IPS.
CTS, or OD), DR or minimum -wall L‘*xckne.s material
designation, and date of manufacture. -

7.1.1.1n addition to 7.1, the pipe marking shall mcludc a
codlr_xg that will enable the manufacturer to determine the
location of manufacture, pips production and resin lots, and

~ any additional information which may be agreed upon

between the manufacturer and purchaser. The manufacturer
shall maintain such records for fifty years or for the design
service life of the pipe, whichever is longer.

7.1.2 All the markings in 7.1 and 7.1.1 shall be repeated at
intervals not exceeding 5 ft (1.5 m). For indented printing,
ci;hcr the indented print line shall be in a color that contrasts
with that ofrthe pipe, or a separate print line (that may be
non-permanent) shall be in a color that contrasts with the
pipe. Sez Annexes Al and A2 for possible additional specific
marking requirements.

7.2 Pipe intended for natural gas service at elevated
temperatures greater than 73°F (23°C) shall be marked with
additional code letters from Table 4 (the first code letter to
identify the temperature of pressure rating, the second code
letter to identify HDB at highest recommended temperature,
and the third code letter to identify the melt.index).

7.3 Fintings—Fintings shall be marked with the applicable
Fitting Specification if those specifications require fittings
used for gas service to meet this specification. Otherwise they
shall be marked ASTM D 2513.

8. Quality Assurance

8.1 When the product is marked with this designation.
D 2513, the manufacturer affirms that the product was
manufactured, inspected, sampled, and tested in accordance
with this specification and has been found to meet the
requirements of this specification.

TABLE 4 Pipe Category

Property Tast Methad Cat
A B ] E F G
Tmpera.F c;ura. 100{38) 120(49) 140(60}) 160(71) 180(82)
* )

Hydrostatc D 2837 400(2.8) 500{3.4) 630(4.3) BOX{5.5) 1000(6.9) 1250(8.6) 1600{11.0)

gasign basis,

psi (MPa) .
Mgt ingex D1238 | >0.5 02-25 0.01-0.3 <0.014

* Typically men flow measured under conditon 190/21.6 1s fess than 4.0t g/10 mun.

Exampias: CD8 ~ At 140°F (60°C) he HDB s 800 psl (5.5 MPa) The approximata meit indax rangs is 0.2 to 0.5 g/10 min for this PE pipe.
. DF — At 1680°F (71°C) the HDB is 1250 ps: (8.6 MPa). A meait indax ranga is not given tor non-PE materials.
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SUPPLEMENTARY REQUIREMENT

GOVERNMENT/MILITARY PROCUREMENT

These requirements apply{qnl_y 1o federal/military procurement, not domestic sales or transfers.

- S1. Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the producer IS
responsible for performance of all inspection and 1est re-
guirements specified herein. The producer.may use his own
or any other suitable facilities for the performance of the
inspection and test requirements specified herein, uniess the
purchaser disapproves. The purchaser shall have the r}ght to
perform any of the inspections and 1ests set forth in this
specification where such inspections are deemed necessary 10
snsure that material conforms to prescribed requirements. .

NoTe Si—In U.S. federal contracts, the contractor is responsibie for
inspection. T

S2. Packaging and Marking for U.S. Government Procure-
ment: . o E :

S2.1 Packaging—Unless otherwise specified in the con-
tract, the materials shall be packaged in accordance with the
supplier’s standard practices in a manner ensuring armval at

destination in satisfactory condition and which will be

acceptable 10 the carrier at lowest rates. Containers and
packing ‘shall comply with Uniform Freight Classification
rules or National Motor Freight Classification rules. - -

52.2 Marking—Marking for shipment shall be in accor-
dance with Fed. Std. No. 123 for civi] agencies and MIL-
STD 129 for military agencies. =~ © -

Note S2—The inclusion of U.S. Government procurement require-
mests should not be construed as an indication that the U.S. Govern-
ment uses ar endorses the products described in this specification.

ANNEXES

(viandatory Information)

Al. SUPPLEMENTAL REQUIREMENTS FOR GAS PRESSURE PIPE, TUBING, AND FITTINGS
: - PRODUCED FROM POLYETHYLENE (PE) MATERIAL

Al.l Scope

Al.1.] This annex covers requirements for PE pipe,
tubing, and fittings. These requirements are in addition to
those:in the main body of this specification.

Note Al.l—Because Table 1, which covers nominal pipe sizes up 1o

12 in.s in the body of this specification, and Table A1.3isin Annex Al,
the usershould be aware of the larger tolerance allowed the larger pipe.

Al.2 Referenced Documents

Al.2.l ASTM Standards:

Al1.2.1.1 Test Methods for:

D 1238 Flow Rate of Thermoplastics by Extrusion Plas-
tometers® '

Al2 2 Seecifirntion for-

D 1248 Polyethylene Plastics Molding and Extrusion
Materals?

D 2685 docket-Type Polyethylene Fitungs for Outside
Diameter-Controlled Polyethylene Pipe and Tubing?

D 3261 Bun Heat Fusion Polyethylene (PE) Plastic Fit-
tings for Polyethylene (PE) Plastic Pipe and Tubing?

TABLE A1.1 Specification D 3350 Cell Claa-si!ication: ol
. Polyethylene Pipe Tubing and Fittings Materiais

PE Matarial Dasignation Code: PE2406 PE3408
Physical Propertiss:

Density 2 3

Mett index : L2 o3 3.4, 005

Flaxural moduius Jord dor5

Tensiis strength Jord dors-

Environmental stress 3 3

crack resisiance . ’
Hydrostatic design basis : 3 4

D3350 Polyethylene Plastic Pipe and Firtings Materials?

F 1055 Specification for Electrofusion Type Polyethylene
Fittings for Outside Dizameter Controlled Polyethylene
Pipe and Tubing?

Al13 Materials

Al.3.1 Classification—Polyethylene materials suitable for
use in the manufacture of pipe, tubing, and fittings under
zhis specification <hall be classified in accordance with
Specification D 33501and as shown in Table Al.1. Exampie.
10w 1 DOlvelnyiene matenar having an HUByof 1250 psi (8:6 -
MtFay, Cell Class 3) the base resin density must have a cell
classification of 2 or 3; the melt index classification must b
1,2,3,4, 5 or6; etc. :
.Al.3.2 Short and Long Term Properties—Polyethylene
pipe, tubing, apd fittings shall be made from PE materials
whiCingtso saustvthe combinations of short- and long-term
propeny requirements shown in Table Al1.2.
HDB for PE materials|tor transport o1 natural gas or other
tuel gas at /5°r (23°L) chall be snhstantiated hv additional
long-term stress rupture testing at 140°F (60°C) with natural

ar TABLE A1.2 Short and Long Term Property Pequirements

. Short.Term Long-Term
P
Des:naMh‘:n“gooo in Accordances in Accordance
with D 1248 - with D, 28374
PE 2406 Grade P 24 HDB of 1250 psi for 73°F
PE 3408 Graca P 34 ' HDB of 1600 psi lor 73°F

4 The hyarostatic ‘design basis (HDB) shall De estapished Using walst of
naturat gas as the prassunzing fluid. h : :
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TABLE A13

Outside Diameters and Tolarancas, 14 In. and
Larger Pipe
Normanal Actual Outsics Digmaters. in. (mm)
Pice Size Average Towerance
4 - © 14,000 (355.6) - - =0.063 =1.60)
18 0 16.000 (406.4) =0.672 [£1.83)
TR 18.000 (457.2) =0.081 {+2.06}
20 © 20.000 {508.0) =0.090 {22.29)
22 - 22.000 {558.8) =0.099 (£2.51)
-] T 24.000 (609.8) ~0.108 [£2.74)

[}

gas or. othcA fuel gas. The data are e\alualcd in accordance
with the requirements of Test Method D 2837 ‘with the
~ 100 000-h intercept not less than 600 psi. Water may be

used where previous lesis havc shown that thesc rcquu'e-'

ments can be met. .

Al3.4 Additive CIasses——PE materials shall be exther
Clase B_with antioxidant and UV sta blhzcr( Of)C as defined
in Specxﬁcanon D 1248,-or Class or E 'as defined in
Specxi' jcation D 3350 1 y

-u -4 Fittings

Al.4.1 PE fittings intended for use with the corr.spondmg ’

sized outside-diameter PE pipe shall meet the requirements
of Specification D 2683 for socket-type fittings, Specification
D 3261 for burt-type fittings, or Specification F 1055 for
electrofusion-type fittings and the requirements of this spec-
ification.

A1l.5 Requirements for Pipe and Fittings

A1.5.1. Conditioning—For those tests where conditioning
is rcqu’xrcd or unless otherwise spcciﬁcd condition the

spcmmcrs prior to testing for 2 minimum of 1 h in water or

4 h in air at 73.4 = 3.6°F (23 = 2°C) or in accordance with
6.3. The conditioning requirements of 6.3 shall be used in all
cases ofidisagreement.

Al.5.2 Minimum Hydrosiatic Burst Pressure/Apparent
Tensile Strength (Quick Burstj—The pipe or system shall fail
in a ducrile manner when tesied in accordance with Test
Method ‘D 1599. For pipe sizes above 4-in. norninal diam-
eter, the quick burst test (Test Method D 1599) may be
replaced by the apparent ring tensile strength test (Test
Method D 2290). The minimum apparent tensile strength at
vield when delermined in accordance with 6.8 shall be 2520
psi (17.4 MPa).

Al.5.3 Susicined Pressure 73°F (23'C)—The PIDC or
svstern shall not fail in less than 1000 h when tested in
accordance with Test Method D 1598. For PE 2406 matenal,
the stress shall be 1320 psi, for PE 3408 materials, the stress
shall be 1600 psi. )

AL5.4 Meclt Index—Melt index is the flow rate of PE

materizl when measured in accordance with Test Methed
D 1238, condition 190/2.16 (formerly Condition E). Mate-
rials that record zero flow under condition 190/2.16.should
be measured in accordance with condition 190/21.6 (for-
merly condition F). The melt index of pipe/fitiing shall mee:

+ the designated catzgory in Table 4. The sample shall be

representative of the cross section of the pipe or fitting and

- diced to an appropriate size by a method not producing heat

] Al.5.5 Squeeze-Off—This requirement is limited 10 pipe -
sizes, wall thicknesses, squesze procedures, and conditions
deemed suitable for squeeze-off “in service by the pipe |
manufacturer. There shall be no leakage or visual evidence of
_splitting, cracking, brcakxng or reducton in 1000-h sustamcd
pressure caegory when pipe is tested as follotvs:
‘A1.5.5.1 Prepare six randomly selected pipe specimens in

- accordance vmh T:st ‘Method- D 1598 except they shall be

unfilled.

Al.5.5.2 The squeﬂzc-ofl' shall bc effcczed at the mid-
poxm of the test specimen, 90° 10 the point of the measured
minimum wall thickness. Close the squeeze bars to the gap
-stop recommended by the pipe manufacturer and hold in
constraint for four hours. Remove squeeze bars and reround
pipe by closing squeeze barsat a poml 90' from the squeez
area.

Al1.5.5.3 Immediately upon removal of the squeeze-off
tool, fill the specimens with room temperature water, condi-
tion, and test in accordance with 6.6 o

Al1.5.6 Thermal Stability—The PE material shall contain
sufficient antioxidant so that the minimum induction tem-
perature shall be 428°F (220°C) when tested in accordance
with Specification D 3350. The sample shall be representa-
tive of the cross section of the pipe or fittings.

Al.5.7 OQutdoor Storage Stabilitv—PE pipe stored out-
doors and unprotected for at least two years from date of
manufacture shall meet all the requirements of this specifi-
cation. PE pipe stored outdoors for over two years from date
of manufacture may be used if it meets the requircments of
this specification.

Al.5.8 Dimensions and Tolerances—The outside diam-
eter shall meet the requirements in Tables 1 and 2 in the
main body for sizes up 1o 12 in., or in Table A1.3 for larger
sizes. The minimum wall thickness shall meet the require-
ments in Tables 2 and 3 in the main body for sizes up to 12
in., or in Table Al.4 for larger sizes. When sizes other than
those listed in these tables are used, the tolerances of the next
lower size shall be used.

Al5.9 Short Term Pressurization for Sizes Above 12
in.—Pipe and molded or fabricated fittings shall not fail
when tested in accordance with Test Method D 1599 with
the hoop stress of 2500 psi for Class 2 density materials or
2900 psi for Class 3 density materials. Hoop stress calcula-

TABLE A14 Minimum Wall Thicknesa and Tolerance, 14 in. and Larger Pipe, in.

Norunal .
gxpe SOR 32.5 SDAR 26 SDR 21 SDR 17 DR 155 SDR 135 SDR 11 SDR 9 SDAR7.3
ize
4 0.431 +0.052 | 0.538 +0.0685 | 0.567 +0.080 | 0.824 +0.099 | 0.803 +0.108 ] 1.037 +0.124 | 1273 +0.153 | 1.556 +0.187 | 1.918 +0.230
16 0.492 +0.059 | 0.615 +0.074 | 0.762 +0.091 | 0.941 +0.113 { 1.032 +0.124 | 1.185 +0.142 | 1.455+0.175 | 1.778 +0.213 ees
18 0.554 +0.066 | 0.692 +0.083 | 0.857 +0.103 | 1.059 +0.127 | 1.161 +0.139 | 1.333 +0.160 | 1.636 +0.136 | 2.000'+0.240
20 0.615 +0.074 | 0.763 +0.092 | 0.952 +0.114 | 1.176 +0.141 | 1.280+0.155-| 1.481 +0.178 | 1.818 +0.218 ee
2 0.677 +0.081 | 0.B46 +0.102 | 1.048 +0.126 | 1294 +0.155 | 1.418 +0.170 | 1.630 +0.196 | 2.000 +0.240
24 0.738 +0.089 | 0.923 +0.111 | 1.143 +1.137 | 1.412 +0.169 | 1.548 +0.186 | 1,778 +0.213 | 2.182 +0.262
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tion shall be based on the DR of the finting at the point of
fusion. . :

Note Al.2—The requircments in  A1.5.8 are for laboratory proof
\e<ting only and should not be interpreted as applicable 1o on-site !:s’.:ing
for acceptance of insialled sysiems larger than 12 in. See app_ropnalc
installation stzndards or manufacturer's recommendations for field 151
proceduras. - o s . e ' )

Note Al.3—Safery Precaution—Pressurization of pipe specimens
above 12 in. nominal diameter being tasted in ;ccnrdanac with A1.5.8
should not commence undil it is certain that all entrapped air has besn

bied from the water-filled specimens.

. AL6 Marking

AI.5.10 ‘HDBC Vaiidauon for PE Pipe—The T2°F (23°Ch
Hydroszatic Design Basis Category (HDBCY of PE pipe shail
be validazed by the pipe producer using the PE validanon
procedure as outlined in Test Method D 2837. For PE 2404
materials. the HDBC of 1230 psi shall be validated: for PE
3408 matenials, the HDBC of 1600 psi shall be validated.

Al.6.1 PE pipe and tubing shall be marked with the melz -
index category in accordance with Table 4 in addition 10 the

_ marking requirements of 7.1.

Al SUPPLEMENTAL REQUIREMENTS FOR GAS PRESSURE PIPE, TUBING, AND FITTINGS

PRODUCED FROM POLY (VINYL CHLORIDE) (PYC) COMPOUNDS

A2.1 Scope o

A2.1.1 This annex covers requirements for PVC pipe,
1ubing, and firtings. These requirements are in 2ddition to
those in the main body of this specification.

A2.2 Referenced Documents

A2.2.1 ASTM Standards:
T A2.2.1.1 Specifications for: - ’

D 1784 Rigid Poly (Vinyl Chloride) (PVC) Compounds
and Chlorinated Poly (Vinyl Chloride) (CPVQ)
Compounds?

D 2241 Poly (Vinyl Chloride) (PVC) Pressure-Related
Pipe (SDR-PR)?

D 2466 Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings,
Schedule 402

D2467 Socket Type Poly (Vinyl Chloride) (PVC) Plastic
Fiuings. Schedule 807

‘D2564 Solvent Cements for Poly (Vinyl Chloride) (PVC)
Plastic Piping Systems?

'D2672 Joints for IPS PVC Pipe Using Solvent Cement?
D2740 Poly (Vinyl Chloride) (PVC) Plastic Tubing”
A2.2.1.2 Test Methods and Practices:

D 2152 Degres of Fusion of Extruded Poly (Vinyl Chlo-
ride) (PVC) Pipe by Acetone Immersion? ,

D 2412 Determination,of External Loading Properties of
Plastic Pipe by Parallel Plate Loading®

D 2444 Impact Resistance of Thermaplastic Pipe and
Fittings by Means of a Tup (Falling Weight)?

D 2855 Making Solvent-Cemented Joints with Poly
(Vinyl Chloride) (PVC) Pipe and Fittings®

F 402 Safe Handling and Solvent Cements Used for
Joinung Thermoplastic Pipe and Fittings®

A23 Ma;erials'-

Al.3.1 PVC pipe. tubing, and fittings shall be made from
the following PVC plastics as defined in Specification
D 1784. '

Type I, Grade 1, Class 12454B (PVC 11)
Type 1, Grade 2, Class 12454C (PVC 12)
Type 11, Grade 1, Class 14333D (PVC 21)

) AZ,dA Requirements

A2.4.1 Requirements for plain end pipe and tubing are
specified in Specification D 2241. Belled end pipe require-

ients are specified in Specification D 2672. Fitting require-
ents are specified in Specification D 2466 for schedule 40
and Specification D 2467 for schedule 80. These fittings are
intended for use with corresponding sized outside diameter
pipe made from the same compound. The following addi-
tional requirements shall also be met.

A2.4.1.1 Flattening—There shall be no evidence of split-
ting, cracking, or breaking by the specimens subjected 1o this
test and performed in accordance with Test Method D 2412,
Flatten three specimens of the pipe, 2 in. (50.8 mm) long,
berween parallel plates in a suitabie press until the distance
berween the plates is 40 % of the outside diameter of the pipe
or-the walls of pipe touch. The rate of loading shall be
uniform and such that the compression is completed within
2 10 5'min. On removal of the load, examine the specimens
for evidence of splitting, cracking, or breaking.

A2.4.1.2 Impact Resistance—The impact resistance for
PVC pipe shall fall within the range specified by the
manufacturer’s designated Impact Classification Cell (IC).
Table A2.1 lists impact classification cell for SDR 17 and 21
pipe. The impact classification rating for PVC pipe shall be
determined in accordance with Test Method D 2444 using a
flat plate holder and 20-1b wp B for sizes 2 in. and less and
30-1b wp B for all larger sizes. The specimens shall be
conditioned in a mixwre of ice and water at 32 10 35°F (0 to0

TABLE A2.1 Impact Requirements for PVb Pipe at 32 to 35°F (0
to 2°C) tor SDR 17 and 21 Pipe

Impact Reib! (J)
Classification
Cet IC-1 ’ Ic-2 1c3 -
Nomnal Pipa
Size, in.
1 30w 50 >50 to 65 >65 (88)
(41 10 68) (68 10 88)
1Y 301051 >50 10 65 >E5 (88)
{41 10 68) (68 to B8)
", . 401160 >8010 75 >75{102)
(54 to 81) {81 to0 102)
2 701080 >30 10 100 . >100(122) -
" (851122 - {122 to0 136) . .
3 120 to 140 >14010 180 - >1B0 (244)
- (163 10 180) o {150 to 244)
4 160 10 200 >200 to 240- >240 {326)
(217 10 271) {271 1o 326)
& 200 10 260 >250 0 300 - >300 (407)
) (271 10 353) {353 10 407)
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TABLE A2.2

#dinimum Burst Pressure Tost Requirements for

PVC PFips ot 73°F {23°C) :

Standard Mirwmum Burst Fressure, pst (MPa)
Damensicn PYC 1120 © PVC 2110
Ravo PVC 1220 PVG 2116

1 1250 {8.5) 1000°(6.9)

13.8 1000 (6.8} 80G (5.5)
17 . 800 (5.5} 630 (4.3)
21 500 (3.4)

£30 (4.3}

2'C) for 1 b (Note A2.1) and
from this medium. ‘

' NoTE A.1—Other conditioning media such as 3 refrigerated fluid
bath of water and ethylens glycol a1 32 10 35°F (0 to 2'Cyforthora
refrigerated air chamber at 32 1o 35°F {0 10 2°C) for 4 h may be used if
it can be demonstrated that squivalent results are obtained. However, in
cases of disagreement. the ice water mixture shall be used. ’

. A24.1.3 Impact Quality Assurance—The impact quality
assurance is a GO/NO GO test. Five specimens shall be
impacted in accordance with Test Method D 2444 using the
tup and holder specified in A2.4.1.2 from a height deter-
mined by the lower vaiue of the designated Impact Classifi-
cation (1C) cell. All five specimens shall pass, If one specimen
fails, a second set of five specimens shall be tested. None of
the second set shall fail. If nine out of the ol ten specimens
pass, the lot shall be considered to have met the requirements
of this test.

NOTE A2.2—This iest is intended only for usc as a quality control
1est, not for.use as a simulated service test.

A2.4.1.4 Extrusion Quality—PVC pipe shall not flake or
disintegrate when tested in accordance with the Test Method
D 2152,

2.4.1.5 Outdoor Siorage Stabiliy—PVC pipe when
stored outdoors unprotected for six months from the date of
extrusion shall meet all the requirements of this specifica-

tested immediatlcl'}}' on removal .

TABLE A3 Minimum Fiber Strass, p3i (MPg) .

Minmum Hycrostaue Burst Strength Sustanad
ang Apoarent Tensile Tests Pressure Test
FVC 1120 6400 (44.7) - 4200 {29.00
PVC 1220 8400 {44.1) 4200 (23.0
~~~~~ PYC 2110 .. 5000 (34.5) 2200 15.9)
PYC 2116 5000 (34.5) 3650 {23.2)

tion. PVC pipe storad outdoors for over six months from
date of manufacture, may be used if it meets the require-
ments of this specification. - :

 A24.1.6 Solvent Cements for PVC Systems—Solvent ce-
ments for PYC pipe and finings shall mee: the requirements
of Specification D 2564. R S

- A2.4.1.7 Marking—Impact Classification Cell, as deter-
mined by the manufacturer, shall be printed_ on the pipe in
addition to the marking requirements of 7.1.

A2.4.1.8 Minimum Hydrosiatic Burst Strength/4pparent
Tensile Strength—The minimum burst pressure for PVC
pipe_ shall be as given in Table A2.2 or as calculated (using
the acwural measured minimum wall, the actual measured
average outside diameter, and the applicable fiber stress
shown in Table A2.3) when determined in accordance with
Test Method D 1599. For sizes above 4-in. nominal diam-
eter, the quick burst (Test Method D 1599) may be replaced
by the apparent ring tensile strength test (Test Method
D72§90). The minimum fiber stress shall be as given in Table
A3,

A24.1.9 Sustained Pressure 73°F (23°C)—The pipe or
sysiem shall not fail in less than 1000 h when-tested in
accordance with Test Method D 1598. The stress shall be as
given in Table A2.3.

A5 Sajety Requirements

A2.5.1 Safety requirements for handling solvent cements
must be observed. Consult Practice F 402 and the sofvent
cement manufacturer for appropriate precautions. -

A3. IN-PLANT QUALITY CONTROL PROGRAM FOR PLASTIC PIPE, TUBING, AND FITTINGS UP TO
AND INCLUDING 12 IN. NOMINAL DIAMETER

A3.1 Quality Control

A3.1.1 The following in-plant quality control program
shall be used to assure compliance with this specification.
The pipe and fittings producers shall maintzain records on all
aspects of this program and supply these to the purchaser, if
requested. _ .

A3.).2 In-Plant Quality Control Test Methods—Test
methods other than those specified in Section 6 may be used
as long as they provide equivalent resuits. In case of
disagreement, those test methods in the applicable ASTM
siandard shall be used.

A3.2 Pipe and Tubing Tests

A3.2.1 Material and Extrusion Process Qualification—
Sustained pressure tests shall be made on one pipe or wbing
size in the range of 2 in.. or less, and on one pipe size in the
range of 2V in., or greater. This test shall also be made on

_pipe and tubing from each panicular commercial plastic
resin initially, and at least twice a year thereafier for material

10

and extrusion process quaiification and not as a quality

control on the product. This test shall be made in accordance
with 6.6.1, 6.6.1.! and 6.6.3 using either of the test condi-
tions in Table A3.1.

A3.2.2 Product Quality Comtrol (Note A3.1)—The tests in
Table A3.2 shall be made per size per extrusion die at the
denoted frequencies and the test results recorded and filed
for inspection on request.

NOTE Al.1—When the pipe or tubing fails to meet this specification

in any 1est, additional tests shall be made oo the pipe or tubing produced
back 10 the previous acceptable result to sclect the pipe or tubing

TABLE A3.1 Material and Extrusion Process Qualification Test

Conditions4
Temperature Stress Tine Requirement
176 £ 3.6°F (80 £ 2°C) - 580 = 10pw 1000 h
: {4.0 = 0.07 MPs)
176 = 3.6%F (80 % 2°C) 670 = 10 psu

_ 1700
(4.6 = 0.07 MPa) ] .
4 Msthana should not be subshtuled for water in this 176°F {80°C) test.
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LEVEL 1

Sample at rate f.

Collect one specinen
every B hours.
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LEVEL 2

Sample at rate f2.

LEVEL 3

Collect one specimen
every B hours.

ot

Sample at ‘rate £°.

Test twowspesimens
.every 3 days.
Discard remaining
7 specimens.

Collect cne °pec1-ne'
every B hours.

If 16 consecutive
3 day periods

Test three spacimens
every 21 days.
Discard rematining
60 specamens.

Continue testing

{ meet requirements.

at Level 3.

]

If guick bur

FIG. Ad.1

TABLE A3.2 Product Quality Control Tests

Property Frequency
Drameter Once every hour of once avery col.
whichaver 1S hass frequent.
wall thickness Once avery hour of once every cod,

whicnaver is less frequent.

Once svery 8 h or once every col,
whichever 15 lass frequent. or mull-
level plan cescried 1n A4.2.3.

Once svery 8 h

Once svery 2 h

Once every hour

Burs: prassura (see Nota Ad.2}

Flanenung (PVC Only)
T Exwrusion qualry (PYC only)
impacyt resistanca (PVC Only)

produced 1n the 1nterim that does pass the requirement. Pipe or tubing
that does nol meet the requirement shall be rejected.

NoTE A3.2—For pipe sizes above 4 in. nominal diameter. the quick
burst test (Test Method D 1599) may be replaced by the Apparsnt Ring
Tensiic Strength Test (Test Method D 2290) il agreed to between the
purchaser and the manufacturer.

A3.2.3 Burst Pressure Multileve! Plan (see Fig. Ad.l)}—
This multilevel plan is based on MIL-STD-1235 (ORD), and
may be used only when the same product is extruded
continuously under the same operating conditions and
production is at a steady rate. Before this reduced sampling
plan may be considered, steady production conditions must
be carefully chosen 1o ensure a continuous and consistent
high quality output. Any interruption (shutdown) or change
in resin lot number, percentage rework, or production
conditions outside normal operating variations shall cause
sampling to revent to Level 1. A sampling level change may
be considered only when approved by a production super-
visor or authorized quality contro! personnel.

met requirements, proceed to Level 2.
level 2 Collect one specimen every 8 h. Afier 72 h (3 days) or portion
thereof, 1est two randomly selected specimens. If both pass,

st requirement noT mes

Quick Burat Muitilevel Sampling Plan

Level 1 Test one specimen every 8 b If 16 consecutive specimens have .

see Note Al.l,
then resume
tevel 1
frequency.

discard the remaining 7 specimens. If any specimen fails 10
meet requirernents, revert to Level 1-(sce also Note AZ.1).
Product for which a specimen has been collected should not be
shipped until after the 72-h time period and randomly sclected
samples have been tested. Continue to test 2 out of 9 specimens
for 16 three-day periods {48 days of production), then proceed
to Lavel 3.

Level 3 Collect one specimen every 8 h. After 21 days or portion
thereof, test three randomly sclected specimens. If all three
pass, discard the remaining specimens. If any specimen fails 10
meet requirements, revert to Level 1 (see also Note Al.1)
Product for which a specimen has been collected shall nor be
shipped until afier the 2{-day time period. Continue testing at
Level 3 uniil production conditions necessitale reverting to
Level 1.

Al.3 Fittings Tests??

A3.3.1 The fiuings tests hsxcd in the following sub-
paragraphs should be conducted at the frequencies indicated.

NOTE A3.3—When any fitting fails 10 meet the requirements of this
speciiication, ar the applicable refarenced fitting specification, additicnal
1es1s should be made on fittings produced back to previous acceplable
resull 1o select the finings produced in the interim that do meet the
requirements. Fitings that do not meet the requircments shall be
rejected.

A3.3.1.1 Dimensions:
A3.3.1.Y(a) Socket Fittings:
(1) Socket Entrance, Bottom and Minimum Iniernal Di-

ameters—Onee an hour or one out of ten fittings, whichever
is less frequent.

(2) Wall Thickness—-At the beginning of each producuon
setup for each cavity.

18 Syupponting data are available from ASTM. Headguarters. chum RR:
F17-1018.
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Test two=gpeaimens
every 3 days.
Discard remaining
7 specimens.

Tast three specimens
every 21 days.
Discard rema.ning
60 specimens.

1f lo consecutive
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rea-..'.ren'ﬂn"s.
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3 day periods —
meet reqguirements.

Conzinue testi nq
at Leve¢ 3.

~

If guick burst require2ment nor met

FIG. A3.1

TABLE A3.2 Product Quality Control Tests

Property Frequency
Dameter Once every hour or once every cod.
whichaver 15 tass frequent.
wall thickness Once avery hour of once every cod,

whicnaver is less frequent.

Once svery 8 h or once every col,
whichever 1s less frequent, or multe
level plan described n A4.2.3.

Once every 8 h

Once every 2h

Once avery hour

Burs: pressura (see Nota Ad.2)

Flanening (PVC Cnly)
Extus:on quatry (PVC only)
Impact resistance (PVC Only)

produced 1n the 1nterim that does pass the requirement. ‘Pipe or tubing
that does not meet the rcquu'cmcm shall be rejected.
NoTe A3.2—For pipe sizes above 4 in. nominal diameter. the quick
burst test (Test Method D 1599) may be replaced by the Apparent Ring
ensiie Strength Test {Test Method D 2290) if agreed to between the
purchaser and the manufacturer.

A3.2.3 Burst Pressure Multileve!l Plan (see Fig. A3.l1)—
This multileve! plan is based on MIL-STD-1235 (ORD), and
may be used only when the same product is extruded
continuously under the same operating conditions and
production is at a steady rate. Before this reduced sampling
plan mav be considered, steady production conditions must
be carefully chosen to ensure a continuous and consistent
high quality output. Any interruption (shutdown) or change
in resin lot number, percentage r=work, or production
conditions outside normal operating variations shall cause
sampling to revert to Level 1. A sampling level change may
be considered only when approved by a production super-
visor or authorized quality control personnel.

met requirements, proceed 1o Level 2.
Level 2 Collect one specimen every 8 h. After 72 h (3 days) or portion
thereof, 1est two randomly selecied specimens. If both pass,

Level 1 Test one specimen every B h. If 16 consecutive specimens have .

I

see Note Al.l,
then resume
Level 1

f requency.

Quick Burat Multilevel Sampling Plan

discard the remaining 7 specimens. If any specimen fails 1o
meet requirements, revert to Level | (sec also Note Al)
Product for which a specimen has been callected should nat be
shipped until after the 72-h time period and randomly sclected
samples have been tested. Continue 10 test 2 out of 9 specimens
for 16 three-day periods (48 days of production), then proceed
to Level 3.

Level 3 Collect opne specimen every § h. After 21 days or poruon
thereof, test three randomly selected specimens. If all three
pass, discard the remaining specimens. If any specimen fails to
meet requirements, revert to Level | (see also Note Ald.l).
Product for which 2 specimen has been collected shall not be
shipped untl after the 21-day time period. Continue testing at
Level 3 until production conditions necessitate revening to
Level 1.

A3.3 Fittings Tests!?

A3.3.1 The fittings tests lxslcd in the following sub-
paragraphs should be conducted at the frequencies indicated.

NoOTE A3.J—When any finting fails 1o meet the requircments of this
specification, or the applicable referenced fitting spcmﬁcauon additicnal
tests should be made on fittings produccd back to previous acceptable
result 10 select the finings produced in the interim that do meet the
requirements. Fittings that do not meet the requirements shall be
rejected.

A3.l.l.l Dimensions:

Ald.3.1.Wa) Socket Fiutings:

(1) Socket Entrance, Bottom and Minimum lInternal Di-
ameters—Once an hour or one out of ten fittings, whichever
is less frequent.

(2) Wall Thickness—At the beginning of each producuon
setup for each cavity.

10 Supporting data are available from ASTM. Headquarters. Requcsl RR:
F17-1018.
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A3.3.1.1(b) Burr Fusion Fittings:

(1) Ouwtside Diameter and Wall Thickness—Once an hour
or one out of ten fittings, \_xmchcver is less fi qucm

A3.3.1.2 Other Tests:

A3.3.1.2a) PVC Fuungs—#ne burst prcssurc " shall be

measured on one fitting per 8-h production.

A3.3.1.2(b) PE and PB Fittings—A1 the stant of each

production run, whenever production conditions have

changed, or when the resin lot is changed, but not less ~

frequently than once per 500 fittings thereafier, the following
12515 should be made:

(1) The knit line strength for at least one fitting from each
cavity should be demonstrated by one of the following tests:

“* fitting, with 1h° load oriented normﬂl 10 the knit line. See.

(ay Crushing a fitting, or a portion of a fitting. in @ manne:
that applies load in the direction normal 10 the knit line. Ses
Note A3.4.

(b} Apparent tensile strength tests of a nng cut from-

S
-
4

Note A3.5.
(c) Burst testing of the fitting. Sc° Note A3.S.
(2) The integrity of at least one pant from each mold
cavity should be verified, using a method selected by the
manufacturer as appropnatc for his specific producx and

- process.

NoTE A3. 4—-Scparauon in the knit constituies a failure.

NOTE A3.5—~In tests 2 and 3 the strength requirements shown in the
annexes must be met.

Ad IN- PLANT QUALITY CONTROL PROGRAM FOR 14-IN. AND LARGER DIAMETER
- POLYETHYLENE PIPE

Ad4.1 Visual inspection of every length of pipe for work-
manship defects shall be carried out at the manufacturer's
plant. Measurements of outside diameter and wall thickness
shall be made for each hour's production or each length of
pipz. whichever is less {requent.

o A4.2 Lengths of pipe that are shorter than standard
shipping lengths may be butt-fused to produce standard
lengths. Such build-up lengths must otherwise meet all of the
product requiremnents of this specification.

AA}.J Manufacmrcrs of pipe shall conduct such other
quality control tests as are appropriate 1o their manufac-
turing operations that will provide assurance that the product
requirements of Al.5 will be met in placz of the actual
performance of the specified tests.

NOTE A4.1—The pressure tests required under product requirements
are tests for performance. These tests are not adaptabie 1o in-plant
quality control. Quality contrd! tests have not been standardized because

the requirements for such tests vary substantially from one manufac-
turing plant 1o another.

AS. SUPPLEMENTAL REQUIREMENTS FOR GAS PRESSURE PIPE, TUBING, AND FITTINGS PRODUCED
FROM POLYAMIDE MATERIAL

AS.1 Scope ¢
A5.1.1 This annex covers requirements for PA pipe.

wbing, and heat fusion finings. These requirements are in
addition to those in the main body of this specification.

AS.2 Referenced Documents

AS5.2.1 ASTM Standards:

D 4066 Specification for Nvlon Ipjection and Extrusion
Materials (PA)

F 1563 Specification for Tools to Squeeze-Off Gas Pipe
and Fittings®

‘AS3 DMlaterials

A35.3.1 Classification—Polyamide materials suitable for
_use in the manufacturing of pipe, tubing, and fittings under

this specification shall be classified in accordance with
Specification D 4066, as shown in Table AS.1.

AS5.32 Shori- and Long-Term Properties—Polyamide
pipe, tubing. and fittings shall be made from a PA maieral
which also satisfies the combinations of short- and long-term
property requirements shown in Table A5.2.

A5.4 Requirements for Pipe and Fittings

A5.4.1 Conditioning—For those tests where conditioning
1s rcquxrcd or unless otherwise spccmcd condition the
specimens prior to testing for 2 minimum of | h'in water or
4 hin air at 73.4 + 3.6°F (23 % 2*C) or in accordance with

TABLE AS5.1 Spscification D 4086 Claasification
Classificavon Dasignabon
PA Polyamida
3 (group) 11 nylon
2 (class) Heat stabilized
3 (graoe)
Relative viscosity, mun 1.83
Mett point, *°C 185~195
Specific gravity 1.03-1.06
Tensla strength, min, MPa 48
Elongaton (ulimata), mun, % 200
Flexural modulus, min, MPa 900
izod :mpact msistance, mun, J/M 55
Deflecuon temperature. min at 1.82 40
MPg
Moisture ““as received”, %, max 0.08

TABLE AS5.2 Short and Long Term Property Requirements

Short-Term in
PA Materia!
Designation C Awog:m with  Long-Term in Accordance with D 2837
PA32312 PA323 HDB of 2500 ps: for 73°F (23°C}

6.3. The.conditioning requirements of 6.3 shall be uscd inall
cases of disagresment.

AS5.4.2 Minimum Hydro:mtic Burst Pressure/Apparent

 Tensile Strength (Quick Burst)—The pipe or system shall fail

in a ductile manner when tested in accordance with Test -
Method D 1599 at a stress greater than 3900 psi (27 MPa).

2
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For pipe sizes above 4-in. nominal diameter. the quick burst
test {Test Method D 1599) may be repiaced by the apparent
ring tensiic strength test (Test method D 2290). Thf: min-
imupm apparent tensile srength at yield when determined in
accordance with 6.8 shall be 3900 psi (27 MFPa). .
AS5.4.3 Sustained Pressure ar 73°F (23°C)—The pipe or
svstem shall pot fail in less than 1000 h when tested in
accordance with Test Method D 1598. The stress shall be
2800 psi (19 MPa). . T '
AS5.4.4 Squeeze Off—This requirement is limited 1o pipe
sizes, wall thicknesses, squeeze procedures, and conditions
deemed suitable for squeeze-off in service by the pipe
manufacturer. There shall be no leakage or v:sual evidence of
spliring, cracking, breaking. or reduction in 1000-h sus-
tained pressure category when pipe is tested as follo‘ws: )
" AS5.4.4.1 Prepare six randomly selected pipe specimens In
accordance with Test Method D 1598, except they shall be
unfilled. : o
AS5.4.4.2 The squeeze-off shall be effected at the midpoint
of the test specimen, 90° to the point of the measured
minimum wall thickness. Close the squeeze bars to the gap
stop recommended by Specification F 1563 and hqld in
constraint for 4 h. Remove squeeze bars and reround pipe by
closing squesze bars at a point 90° for the squeeze area.
AS5.4.4.5 Immediately upon removal of the squeeze-off
~ 1o0l. fill the specimens with ambient 1emperature water, that
is 67 = 10°F (19.4 = 5.0°C), condition, and test in accor-
dance with 6.6. :

A5.4.5 Owdocr Storage Stability—PA pipe siored our
doors and unprotected for a1 least two vears from date of
manufacture shall meat all the requirements of this specii-
cation. PA pipe stored outdoors for over two vears from date
of manufacture may be used if it m=ets the reguirements of

_ this specification. . :

A5.4.6 Chemical Resistance—The weight, vield strength.
and inherent viscosity requirements for polvamide Ei;‘x'
when measured in accordance with 6.9 are in Table A53., ~

AS55 Marking '

A5.5.1 PA pipe and tubing shall be marked with the
clevated temperature code letiers EF CG in accordance with
Table 4 in addition to the marking requirements of 7.1.

E = maximum temperature of 180°F (82°C).

F == 1250 psi HDB at [80°F (82°C),

C = temperature of 140°F (60°C), and

G = 1600 psi HDB at'140°F (50°C).

TABLE A5.3 Chemical Resistanca

: Waignt Yield Svength inherent
Chermucal Chenge, Changs, Viscosity.
max % max % =
Minaral oil ’ +0.5 -12 =3
Tervary-butyt mercaptan {5 %) +0.5 -12 =3
Mamancl -8 -35 =3
Ethylena gtycol +0.5 -12 =3
Toluene {5 %) +7 —40 =3

APPENDIXES

{Nonmandatory Information)

X1. NEW MATERIALS

K11 Itis the intent of ASTM Committes F-17 on Plastic
Piping Systems 10 consider for inclusion other kinds, types,
and grades of thermoplastics in this specification, when
evidence is presented to show that they are suitable for
underpround distuibution of natural gas. Minimum require-
ments, it addition 1o all the perunent parts of this specifica-
tion are: (1) an ASTM material specification, (2) an ASTM
product specification, (3) the material's long-term hydro-
static strength, determined in accordance with an appro-
priate test method such as Test Method D 2837, and (4) at
least 3 years of service-related evidence to demonstrate that
the materizl has performed satisfactorily as underground gas
pressure piping.’ ’

X1.2 Each candidate material is considered individually
with respect 10 its own properties, the intended application,
and other pertinent usage experience. Experience with a
related approved material may be applicabie to a new

material provided the germane correlations can be demon- -

strated.
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X1.3 An example of appropriate evidence to meet service
related requirements, but not necessarily the oaly way,
would be 2 minimum of 3 years evaluation of representative
piping systems in gas service under representative conditions
without significant change in physical or mechanical proper-
ties. Such systems should aggregate at least 1000 fi (305 m) of
piping to provide an ample basis for statistical evaluation.
Piping systems should contain representative pipe sizes and
companion pipe fittings such as elbows, tees, couplings, and
caps. Recommendations for making individual service con-
nections on both pressured and unpressured systems is also
desirable information. If special backfill materials or tech-
niques are necessary for satisfactory perforinance, they
should be so stated and described; otherwise generally
accepted industry practices are assumed to be adequate.
Publications of the American Gas Association and the
Plastic Pipe Institute contain information which may be

useful in assessing the suitability or relevancy of candidate
materials, : . :
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X2, DESIGN CONSIDERATIONS

X2.1 General ' -
%72.1.1 The design of 2 plastic piping sysiem for natural
gas service must inciude consideration of the combined
effects of time, internal and external stress, and environment
as an overall basis for selecting a specific kind and size of
plastic pipe. The design “stress for plastic pipe used for
distribution of natural gas and petroleum fuels is regulated
by the U.S. Department of Transporation as published in
Part 192 Title 49 of the Code of Federal Regulations. The
American Gas Association Plastic Materials Committee, the
Fuel Gas Division of PPI, and members of ASTM Com-
mitee F-17 are cooperating with the ASME Gas Piping
Technology Committee to provide assistance in selecting safe
design stress levels for the various kinds of plastic pipe.

' X2.2 Design Equations
X2.2.1 Relationship Between Pipe Stress and Pressure—
The following expression is used to relate stress, pressure.
pipe size. and wall thickness:

P =2S/(DR — 1) or 25/1(D,/1) — 1] (X2.h

hers:
= stress in the circumferential or hoop direction, psi
(MPa),
internal pressure, psig (MPa),
R = dimension ratio,
, = average outside diameter, in. (mm), and
= minimum wall thickness, in. (mm).
X2.2.2 The following expression can be used to determine
the burst pressure or sustained pressures needed in testing:

g

b W

b

Py=25,(DR - 1) (X2.2)
where:
P, = burst prassure, psig (MPa),
S, = yield stress, psi (MPa), and
DR = dimension ratio.

P,=25/(DR - 1) (X2.3)
where:
P, = sustained pressure, psig {IMPa),

S; = fiber stress psi (MPa), and
DR = dimension ratio.

X2.2.3 Relation between Hydrostatic Design Basis (HDB)
and Hydrostatic Design Stress (HDSy—The HDS is deter-
mined by multiplying the HDB by a design factor, /. The
design factor, £, has a value less than 1.0.

) HDS = (HDB) () (X2.4)
NOTE X2.1—The actual choice of design factor for a given installa-
ton must be reviewed by the design engineer taking into account

federal, state, and local code requirements. For example, the design

factor for gas pipclines under the jurisdiction of the Department of
Transporation is 0.32.

X23 Design Stress and Internal Pressure

%2.3.1 The design stresses for natural gas pipe are based
on the hydrostatic design basis categories at 73°F (23°C)
obtained in accordance with Test Method D 2837. The test
medium should be natural gas or simulated natural gas

- except that water ‘may be used where previous tesis have
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shown thai for the particular wype of plastic, water and
nan_xra.l gas give essznuially the same 1est results. The hydro-
static design basis categories of the plastics presently included
in the applicable ASTM specifications are as follows:

Plastc Pipe Hydrostaue Design

Material Designation ~ Bass Categones at
: ’ TIF (23°C), pa (MPa)

PB2110 .. 2000(13.8)

PE 2406 T 1250 (8.6)

PE 3408 . 1600 (11.0)

PYC 1120 - ‘4000 (27.6)

PVC 1220 4000 (27.6)

PYVC 2110 2000 (13.3)

PVC 2116 3150 (24.8)

X2.3.2 The design stresses for natural gas and other fuel
gases at service temperatures above 73°F (23°C) should be
based on hydrostatic design basis categories of the pipe that
are appiicable for the particular use temperature.

NoTe X2.2—Warer may be used where previous tests have shown
that thess requiremenis can bs met.

X2.3.3 Strengths for other plastic ;ﬁipc materials will be

. added when these materials are included in the applicable

ASTM specifications. The design stresses are obtained by
multiplying the hydrostatic design basis categories by design
factors or service factors according to the class of location as
described in Chapter IV of the American National Standard
Code for Pressure Piping ANSI B31.8, or, for gas operatorsin
the United States, Subpart C of the Minimum Federal Safety
Standards for Transportation of Natural and Other Gas by
Pipeline, Title 49, Code of Federal Regulations.

X2.3.4 Any plastic material to qualify for use as pipe for
the transponation of liquefied petrolevm gas (LPG) must be
tested with LPG as the medium, and have a hydrostatic
design basis category of 1000 psi (6.9 MPa) at 74°F (23°C), as
determined by Test Method D 2837. i

X2.3.5 For liquefied petroleum gas applications, a max-
imum operating pressure of 30 psig (206 kPa) is recom-
mended in NFPA 58 by the members of the National
Liquefied Petroleum Gas Association. Liquefied petroleum
gas has a higher condensation temperature than does natural
gas; this maximum pressure is recommended to ensure that

plastic pipe is not subjected to excessive exposure 10 LPG
liquids.

X2.4 Thermal Stress

- X2.4.1 Calculate the longitudinal stress (theoretical) in-

duced in a pipe member between fixed points as follows:
S=ExCxal (X2.5)

where:

S stress, psi (MPa),

E modulus of clasticity, psi (MPa), instanianeous, at
73°F (23°C), ‘ ‘

C = coefficient of expansion, in./in./’F, (mm/mm/°C),
and ’ :

A! = maximum lemperature minus minimum tempera:
ture, °F ("C).
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X2.4.1.1 The mcasurcd stress has been dc:ermmcd 10 be
less than that calculated. This difference is caused by the
stress relaxation in visccelastic materials.

%2.4.2 Calculate the theoretical force-sustained at the
fixed points uypxca.lly -joints) in a pipe membcr as follows:

. F=Sx4 (x26)

e
= force, 1bf (N),

= stress, psi (MPa), and

=" cross-sectional pxp’ wall area, in. (mm') .
¥2.4.3 Calculate pipe contraction in unrestrained pipe
caused by a reduction in temperature as follows: -

AL=kx L x CxAr (X2.7)

change in length,

1000 for AL (mm), L (m), C(°C™"), at (*C), o
12 for AL (in.), L (), C ('F"), ar (°F),
original length, -

coefTicient of linear expansnon and
temperature change.

th»»gé
[ ]

nmwwwunng.

X2.5 Insuallation Procedure

X2.5.1 It is recognized that certain minimum require-
ments exist for the support of earth loads from backfill and
other extzrnal forces. Proper installation techniques can be
used with flexible conduit (as defined by Marston and
Spangler!') 1o support relatively large earth loads without
excessive deflection by mobilizing lateral passive soil forces.
Proper installation technique ensures that the necessary
passive soil pressure at the side of the pipe will be developed
and ‘maintained. It is also recognized that internal pressurss
may be valuable in minimizing the deflection caused by
earth loads, Installation procedures described in Recom-
mended Practice B 2774, ANSI B31.8, and the AGA Plastic
Pipc ‘Manual for Gas Service are rccommcndcd

from thermal change significantly more than metallic pipe.
This ratio may be of the magnitude of ten 1o one. Typical
coeflicients of thermal expansion for unrestrained pipe are as
follows (se= Note X2.3):

PB 72 x 10~? (insin.)/'F 19.44 (mm/mm) C

PE 9.0 % 10~* (in./in.)/"F 2430 {mm/mm)/"C

PVYC 1.5 x 103 {in./in.)/'F 11.45 (tnm/mm)/"C
Mains and service lines installed by insertion are considered
10 approximate unrestrained conditions inside the casing
pipe except at end connections. Direct-burial pipe is consid-
ered to be panially restrained by passive soil pressures except
in the vicinity of joints.

NoTe X2.3—Coeflicient of thermal expansion for the specific pipe

being considered should be used, if available.

X2.5.3 Internal pressure, earth settlement, ground move-
ment, and thermal contraction impose stresses on the pipe
that can be transmitted to joints. These siresses are additive.
Installation practices should reflect the need for continuous

support and containment of the pipe through suitable .

" Y Spangler. M. G., “Sccondary Stresses in Buried High Pressure Lines,™ Jowa
Siate College Bullenin, Engineenng Repon 23 of the lowa Enginerring Experiment
Station, 1954, 1955.

bcddmg and backfilling procedures. Atutention should be
given to all joints, parucuxa.rh 10 transition joints betwesn
plastic and metal pipe.

X2.5.4 Tt is desirable 10 have pipe joints that are as srong
as the pipe iself in the longitudinal (axial). direction. ..
Thermal fusion, solvent éement joints. and mechanical
Jjoints outlined in 6.10, Category | can provide such joint
strength. The joint strength is a function of the assembly
procedure, the design of the finting, and the pxpe material and
dimensions (see X2.5.5).

X2.5.5 Forthose mechanical dcvlccs that are not designed
to restrain the pipe against pullout forces, provisions must be
made in the field to prevent pullout, keeping in mind that
mechanical joints are vulnerable to the effects of internal
pressure, temperature changes, earth settlement, and ground
movement. A somewhat limited alternative is to use long
sleeve-type fittings that permit limited movement without
loss of pressure seal. Otherwiss, provisions must be made in
[.b_: field to prevent pullout through suitable anchoring at the
joint.

X2.5.6 Plastic pipe joined with mechanical connectors
that utilize a compression-type gasket must be reinforced by
means of a tubular stiffener that extends at least under the
section of pipe being compressed by the gasket and the
gripping device (where used). The stiffener shall be nonsplit-
type design to mest the performance requirements recom-
mended by the manufacturer of the fitting in which it is usad,

and the joint shall meet the test requirements outlined in
6.10.

X2.6 Repair Considerations

X2.6.1 Repairs may be made to plastic pipe under appro-
priate circumstances. Selection and installation consider-
ations for the use of full encirclement band clamps are
available in ASTM Guide F 1025. Additional information
on repair of plastic pipe may be found in manufacturers’
literature, the A. G. A. Plastic Pipe Manual for Gas Service,
ANSI B31.8 Gas Transmission and Distribution Piping
Systems, and in the ASME Guide for Gas Transmission and
Distribution Piping Systems.

X2.7 Environmentzl Effects

X2.7.1 The long term effect of natural gas at 73°F (23°C)
has been shown!®!? 10 be essentially equivalent to that of
water at 73°F (23°C) for three kinds of plastic pipe (PVC, PB,
and PE). However, the effects of other liquid environments
such as antifreeze agents, odorants, and hydrocarbons are
known to be deleterious to some plastics, particularly when
under service conditions, and therefore, should not be
permitted in the gas system unless the plastic pipe has been
fully evaluated under the service conditions.

1 Kuhiman, H. W., Leninger, R. L. and Wolier, Fritz. “lnvesugation of

* Engineering and Design Concepts for Plastics Pipe for Gas Distribution Applica-

tion,” presented at ANSI B31.8 meeting in St. Charles, IL, Oct. 19, 1965.
3 Palermo, E. F.. and Cassady, M. J.. “Comparison of Long-Term Ellect of

" Water and Methane on PE 2306 and PE 3406 Pipe Performance,” presented at the

American Gas Association Plasti¢c Material Committee Winter Worluhop Feb. 23,
1982,
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an\) Designation: D 3350 — 01

Standard Specifi ication for

Polyethylene Plastics Plpe and Flttlngs Materials®

This standard is issued under the fixed de.ﬂgnman D 3350; the number immediaeely following the designation indicates the year of
original udup‘wﬂ ar, in the ease of revision, the yeor of last revision, A number in parenthescs indicatas the year of Inst reapproval. A
superseript epsilon (n) indicarcs an edirorial change since the fast revision or respproval.

1. Scope ®

1.1 This specification covers the identification of polyeth-
ylene plastic pipe and fittings materials according 1o 2 cell
classification system. It is not the funétion of this specification
to provide specific engineering data for design purposes, t
specify manufactoring tolcrances, or to determnine snitability
for usc for a specific application.

1.2 Polyethylenc plastic materials, being thermoplastic, are
reprocessablc and recyclable (Note 2). This specification al-
lows for the use of those polyethylenc materials, provided that
all specific requirements of this spe¢ification are met,

Note 1—The notes in this specification arc for information only and
shall not be considered part of this specification.

No7r 2—Sce Guide D 5033 for information and definitions related to
tccyeled plastics,

1.3 The vatucs stated in SI units are 10 be regarded as the
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It iy the
responsibility of the user of this standard ro estublish appro-
priate safety and health practices and determine the applica-
bility of regulutory limitations prior 10 wuse.

Nott 3—Thereis no similar or equivelent ISO standard.

1.5 For information regarding Molding and Exrrusion Ma-
1erials sec D 4976 Specification for Polyethylenc Plastics
Molding and Extrusion Materials, For information regarding
Wirz and Cable Matcrials see D 1248 Specificarion for Poly-
ethylene Plastics Extrusion Matcrials for Wire and Cable.

2. Refercuced Documents

2.1 ASTM Standards:

D 618 Practice for Conditioning Plastics for Testing?

D 638M Test Method for Tensilc Properties of Plastics®

D 74€ Test Method for Brittleness Temperature of Plastics
and Elastomers by Impact?

D790 Test Methods for Flexurat Properties of Unreinforced

! This specification is under the jurisdiction of ASTM Commines D20 an
Plastics and is the dirsct radpansibility of Subcommittee D20.15 on Thcnnuplnmc
- Manerials
Curreme edition spproved August 10. 2001, Published October 2001, Originolly
published 25 D 3350 ~ 74. Lase previous edition D 3350 -00,
2 Annual Book of ASTM Stundards, Vol 08.01.
3 Discontinued; sze 1996 Anrual Book of ASTM Srandurds, Vol 08.01.

anc:lt Reinforccd Plastics and Elcctrical Insulating Materi-

als

D 792 Test Mcthods for Density and Specific Gravity (Rela-
tive Density) of Plastics by Displacement? .

D 883 Terminology Relating 10 Plastics?

D 1238 Test Method for Melt Flow Rates of Thermoplastics
by Exrmrusion Plastomerer?

D 1248 Specification for Polyethylene Plastics Extrusion
Materials for Wire and Cable?

D 1505 Test Method for Density of Plastics by the Density-
Gradicnt Technique®

D 1603 Test Method for Carbon Black in Olefin Plastics®

D 1693 Test Method for Environmental Swress-Cracking of
Ethylene Plastics?

D 1898 Practice for Sampling of Plastics?

D 1928 Practice for Preparation of Compression-Molded
Polyethylene Test Sheets and Test Specimens®

D 2837 Test Mecthod for Obraining Hydrostaric Design
Basis for Thermoplastic Pipe Materials®

D 3892 Practice for Packeging/Packing of Plastics®

D 4976 Specification for Polycthylene Plastics Molding and
Extrusion Matcrials?

D 5033 Guide for the Devclopmem of ASTM Standards
Relaring to Recycling and Use of Recycled Plastics”

F 1473 Test Method for Notch Tensile Test to Measure the

Resistance 10 Slow Crack Growth of Polyethylenc Pipes
and Resins?
2.2 ISO Srandards
ISO 9080 Plastics Piping and Ducting Systems Determina-
tion of Long-Term Hydrostaric Smength of Thermoplastics
Materials in Pipe Form by Exirapolation
ISO 12162 Thermoplastic Materials for Pipes and Fittings
for Pressure Applications— Classification and
Designation— Overall Service (Design) Coefficient
3. Terminology :
3.1 Definirions~Terms as described in Termmology D 383
shall apply in this specification.
3.1.1 polyethylene plasrics—as defined by this specification,

plastics or resins prepared by the polymerization of no less than
85 % ethylene and no lcss than 93 % of total clefins with

* Discontinued; see 200! Ammual Book of ASTM Swndurds, Vol 08.01.
- % Annuul Book of ASTM Stemdards, Vol 08.04.

® Annual Book of ASTM Standards, Vol 08.02.

7 Annual Book of ASTM Standards, Vol 08.03.

*A Summary ol Changts section appears at the cad of this standard.

Copyright © ASTA, 100 Barr Harbar Drive, Wast Conshahockan, PA 15428.2955, Unilad Statss,
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additional compoundmg ingredients:

3.2 Definitions of Terns Specific to This Standard:

3.2.1 materials—polycthylene (PE) resins with the added
compounding ingredients.

3.22 PE compounds—has thc same meaning as PE plastics
matcrials, compounds, and plastics.

33 Hlstoncal usage and user group conventions have rc-
suled in inconsistent terminclogy used 1o categorize and
describe polyethylene resins and compounds. The fo]lowmg
terminology is in use in ASTM specifications pertaining to
polyethylene: .

3.3.1 Specificarion D 1248:

3.3.1.1 Type (0, I, I, MI, IV) = density ranges (samc,
respectively, as Class in Specification D 4976).

3.3.1.2 Class (A, B, C, D) = composirien and usc.

3.3.1.3 Category (1, 2, 3, 4, 5) =melt index ranges (sarne as
Grade in Spccification D 4976)

3.3.1.4 Grade (E, J, D, or W followed by onc or two digits)
= ppecific requircments from tables.

3.3.2 Specification D 3350

3.3.2.1 Type (I, I, TII) = densiry rangcs (same as Types L, 1,
and III in Specification D 1248 and Classes 1, 2, and 3 in
Specification D 4976).

3.3.2.2 Class = 2 line callout system consisting of “PE”

followed by six ccll mumbers from Table 1 plus a letter (A, B,
C, D, E) denoting color and UV stabilizer.

'+ 3.3.2.3 Grade = simplified line callout system using “PE”

followed by density and slaw crack growth ccll numbers from
Table 1.

-3.3.3 Specification D 4976: )

3.33.1 Group (1, 2) = branched or linear polyethylenc.

3332 Class (5, 1, 2, 3, 4) = densicy ranges (same,
respectively, as Type in Specification D 1248).

3.333 Grade (1, 2, 3, 4, 5) = melt index Tanges (same as

‘Category in Specification D 1248).

4. Classification

4.1 Polyethylene plastc pipc and finings compounds arc
classified according to density, melr index, flexural modulus
tensile strength at yield, environmental stress-crack resistance,
and the hydrostatic design basis st 23°C in Table 1.

Nure 4—Ithas been a long-standing practice 10 use the following torms
in describing polyethylene plastics: .

Type 1 (0.910 to 0.925) = Low Density
Typa It (0.828 to 0.840) = Medium Denslty
Typs 111 {0.941 lo 0.965) » High Denshy

Note 5—The manner in which materisls arc identified in the cell

TABLE 1 Primary Propaerties—Cell Clazsification Limits

SNPR = Not Pressure Rated,

Propeny Test Msthod Q 1 2 3 ] 5 6 7
1 Denalty, glem? 01565  Unspacified 0.825cr  >0.825— >0.840- >0,955 . ver specify volue
lower 0.840 0.355
2 Melindax D1238  Unspecliied >1.0 10l 04 <Q419D.15 <0.18 “ spaclify value
-3 Flexursl modulus, MPa D780 Unspecified <138 138 - <276 276 ~<552 552 -<758 758 - <1103 >1103 spacify value
: (psi) (<20000) (20000t (40000  {80QCO Lo {110 000) 0 (>180 000)
<40 000) 80 000) 110 000) <180 000)
4 Tensile strength at yleld, D 638 Unspeclfiea <15 15-<18  18=<21 21 —<24 24 —<28 >28 specify value
MPa (psl) . {<2200) {2200- (2600~ (3000~ (3500— (>4000D)
<2600} <3000} <3500) <4000)
5 Slow Crack Growth
Resistance
I ESCR D 1683 Unspecified
2. Test condition A B c [o} e specily value
{100% Igepat.)
b. Test duration. h 48 24 192 600
t. Failura. max, % Unapacified 50 50 20 20 specify value
{I. PENT (hours) F 1473
Malded plaque, 0.1 1 3 10 30 100
80°C, 2.4 MPa
Nolch depth, F 1473, Unspecificd spacHfy value
Table 1
B Hydroststic Strength
Classification
1. Hyarostade D 2837 NPRE 552 6.89 B.&2  11.03 . s
design basis, MPa (800) {1000) (1250)  (1600)
(psi), (23°C)
1l. Minimum reguired 1S0O 2080 ves cea .. 8 10
strength, MPa (1180) {1450)
(pei). 20°C)
“4Referto 10.1.4.1.
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clussification is illusrrared for Class PE233424B as follows (refer also to
Table 1 and 6.2): -

Class

' } 3 3 42 ¢ B
Density (0.526-0.540 gzi_—J
Mclt index (<0.4-0.15) ‘ 1.
Flexural modulus (276-<758 MP
" (40 000-<110 000 psi))
Tensile strength at yield (21-<24
(3000~<3500 psi))
Slow Crack Growth Resistance
[ ESCR D 1693 )
Condition B. 24 h, 50 % max failure
0. PENT F 1473
Average 1 h failure
Hydrosratic design basis at 23°C
(11.03 MPa (1600 psi))
Color and UV suabilizer (colored)

4,2 Marerials used in polyethylene plastic pipe and fittings
shall use a ccll-type format for the identification, close char-
acterization, and specification of material properties. The
information from the format is to bc wsed alone or in
combination.

Note 6~—This type format, however, is subject ro possible misapplica-
tion sincc unobrainable property combinations can be seleeted if the user
is not familiar with commercially availablc matedials. The manufactcer
should be consulted. Additionally, the appropriate ASTM standard speci-
fication showld be reviewed to assure materials utilized will meet all the
meterisl and piping requirements as specificd in the standard.

43 Grade—A code for polyethylene pipe and fittings ma-
terisls that consists of the two letter sbbreviation for polyeth-
ylene (PE) followed by two numbers that designate the density
ccll (Property 1) and the slow crack growth resistance cell
(Property 35), 2s defined by cither Test Method F 1473 or Test
Method D 1693, of the thermoplastie, as specified in Table 1.
For the requirements of Property 5 (slow crack growth resis-
tance), consult the materials scetion of the appropriate ASTM
standard spccification for the end-use application.

Nors 7—Grade designations were ndapted from Specification D 1248 «
84 pcior to the withdrawal of D 1248 - 84, Former Specificacian D 1248 -
84 prades for PE pipe materials were P14, P23, P24, P33, and P34,

Equivalent Specification D 3350 grade designations for these materials arc
PE1I, PE20, PE23, PE30, and PE33, respectively.

5. Materials and Manufacture

5.1 The molding and extrusion material shall be potyethyl-
ene plastic in the form of powder, granules, or pellets.

5.2 The molding and exmrusion materials shall be 2s uniform
in composition and size and as free of contamination as is
achicved by good manufacturing practice. If necessary, the
leve]l of contamination may be agrecd upon between the
manufacturer and the purchaser,

5.3 When specified, the color and translucence of molded or
extruded pieces formed, under the conditions spccificd by the
manufacrurer of the materials, shall be comparable within
commercial march tolerances to the color and transiucence of

standard samples supplicd in advance by the manufacmurer of
the matcrial.

6. Physical Properties
6.1 Cell Classification—Test values for specimens of the PE

material prepared as specified in Section 9 and tested in
accordance with Section 10 shall conform to the requiremcnts
given in Table 1. A typical property value for a PE material is
to be the average value from testing numerous lots or batches
and determines the cell number. When, due to manufhcmring
tolerances and testing bias, individual lot or batch valucs fall
into the adjoining cell, the individual valuc shall not be
considered acceprable unless the user, or both the user and the
producer, determine that the individual lot or batch is suitable
for its intended purpose.

6.2 Color and Ultraviolet (UV) Stabilizer—The color and
UV stabilization shall be indicated at the end of the cell
classification by means of a letter designation in accordance
with the following code: )

Code Lettar Color and UV Stabilizer
A Natural
B Colored
c Black with 2 % minimum cartion black
D Nalural with UV stadilizer
E Colored with UV swabilizer

6.3 Thermal Stabilin—The PE matcrial shall conrsin suffi-
cient antioxidant so that the minimum induction temperamure
shall be 220°C when tested in accordance with 10.1.9.

6.4 Brintleness Temperamure—The briftleness temperarure
shall not be warmer than —60°C when tested in accordance
with Test Method D 746.

6.5 Density—The density used 1o classify the material shall
be the density of the PE base resin (uncolored PE) determined
in accordance with 10.1.3. When the average density of any lot
or shipment falls within £0.002 g/cm?® of the nominal valu, it
shall be considercd as conforming to the nominal value and to
all classifications based on the nominal value.

6.5.1 For black compounds, containing carbon black, deter-

mine the density, Dp, and calculate the resin density, Dr, as
follows:

Dr=Dp-0.0044C

where:
C = weight percent of carbon black.

6.5.2 For colored compounds, the nominal density of the
base resin shall be provided by the manufacturer, on request.

6.6 Tensile Strength ar Yield—The tensile swength at yield
used to classify the marterial shall be the tensile strength at yield
of the PB resin determined in accordance with 10.1.6. When
the average tensile strength at yield of any lot or shipment falls
within +3.45 MPa (500 psi) of the nominal value, it shall be
tonsidered as conforming to the nominal valuc and to all
classifications bascd on the nominal value.

6.7 Elongation at Break—As tested per 10.1.6, all pressure
rated materials shall have 2 minimum cxtension at break of
500 % as determnined by grip separation.

7. Sampling

7.1 A'batch or lot shall be considered as a unit of manufac-
ture and shall consist of one production run or as a blend of two
or more production runs of material.

7.2 Unless otherwise agreed upon between the manufacturer
and the purchaser, the material shall be sampled in accordance
with the proccdure deseribed in Sections 9 through 12 of
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FIG. 1 Mounting Film Speciman in Cup

Practice D 1898. Adcquate statistical sampling prior to pack-
aging shall be considered an acceptable alternative.

Notz 8—A samplc taken from finished product muy not necessarily
ropresent the original batch or lot

8. Number of Tests

8.1 The requirements idenrified by the material designation
and otherwise specified in the purchase order shall be verified
by tests made in accordance with 11.). For routine inspection,
only thosc tests necessary to identify the material 1o the
satisfaction of the purchaser shall be required. One sample
shall be sufficient for testing each batch or lot provided that the
average valucs for all of the rests made on thart batch or lot
comply with the specified requirements.

9. Specimen Preparation

9.1 Unless otherwise specified in Section 10, the rest speci-
mens shall be molded in accordance with Procedure C of
Practice D 1928.

9.2 When pipe or fitting test specimens are required, they
shall be extruded or molded in accordance with the specifica-
dons of the material manufacturer.

10. Test Methods .

10.1 The propenties enumecarad in this specification shall be
determined in accordance with the following test methods:

10.1.1 Conditioning— Unless otherwise specified in the test
merthods or in this specification, for those tests where condi-
tioning is required, condition the molded test specimens in
accordance with Procedure A of Practicc D 618.

10.1.2 Test Conditions— Unless otherwise specificd in the
test methods or in this specification, conduer 1e6ts at the
Standard Laborarory Temperamre of 23 & 2°C (73.4 & 3.6°F).

10.1.3 Density—Test Method D 1505 or alternative meth-
ods providing equivalent accuracy as described in Methods A
or B of Test Methods D 792. Make duplicate determinadons
using two separate portions of the same meolding or from two
moldings. The molded specimen thickness portions shall be
1.9 0.2 mm (0.075 %0.008 in). Calculate the average
value,

10.1.4 Melr Index—Test Method D 1238, using Condition
190/2.16. Make duplicate determinations on the materisl in the
form of powder, granules, or pellets, and calculats the average:
no condirioning is required.

10.1.4.]1 Classify matcrials having a melt index less than
0.15 (Cell 4) as Cell 5 only if they have a flow rate not greater
than 4.0 /10 min when tested in accordance with Test Method
D 1238, Condition 190/21.6.

Note 9—Flow rate is the generzl teom used for all resulis obmined with
Test Method D 1238, Although the flow rate of polyethylene plastics may
be mearured under any of the conditions listed for it under 7.2 of Text
Method D 1238, only messurcments made at Condition 190/2.16 may be
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identified as **Ma2lt Index.”

10.1.5 Flexural Modulus— Test Methods D 790, using
Merthod 1, Procedure B, and & 50-mrn (2-in.) test span. Test five
specimens, cach 3.2 by 12.7 mm (‘4 by iz in.) flarwise ar a
crosshead speed of 12.7 mm/min (Q.5 in. /min) and the average
value of the secant modulus calculated at % strain in the
outer fibers.

10.1.5.1 The deflection of the rest specimen corrcsponding
10 2 % strain (0.02 mm/mm or in/in.) i calculated as follows:

D=rL16d
where:

D = deflection of the center of the beamn test specimen at
2 %, strain, in.,

r = strain in the outer fibers = 0.02 mm/mm (0.02 in./in.),
L = test span=>50 mm (2 in.), and
d = specimen depth =3.2 mm (Y6 in).

10.1.5.2 The stress corresponding to 2 % sirain is calculated
as follows:

§=3 PLR bd?

where:
S stress in the outer fiber at 2% stram,

P
L

load corresponding o 2
Test span =50 mm (2 in-),

o strain, N (lbf),

d = specimen depth = 3.2 mm (3% in.), and
b = specimen width = 12.7 mm ({4 in.).

The sccant modulus at 2 % strain is the ratio of stress w0
strain or S/0.02.

10.1.6 Tensile Strength ar Yeld—The tensile swength at
yield shall be determined in accordance with Test Method
D 638 except thar rate of grip separation shall be 500 mm/min
(20 in/min for materials in the density range from 0.910 to
0.925 g/em®) and 50 mm/min (2 inJmin for all others).
Specimens shall conferm to the dimensions given for Type IV
mn Test Method D 638 with a thickness of 1.9 = 0.2 mm
(0.075 = 0.008 in.). Specimen shall be either die cut or
machined.

10.1.7 Slow Crack Growth Resistance—One method shall
be used to classify this material property.

10.1.7.1 Slow Crack Growrh Resistance—The matecial’s
resistance shall meet the minimum requirement shown for the
appropriate ccll classification when tested in accordance with
Test Method D 1693,

10.1.7.2 Slow Crack Growth Reszstance——Thc average fail-
ure time from two test specimens shall meet the minimum -
rcquircmcnt shown for the appropriate ccll classification when
tested in accordance with Test Method F 1473, Test at leagt
four specimens in case of a-dispute.

10.1.8 Hydrostatic Strength Classificaiion—Qng method
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shall be uscd to classify this materidl property.

10.1.8.1 Huvdrestatic Design Basis—Determine the hydro-
static design basis in accordance with Test Method D 2837, on
pipc extruded from three different lots of material. Subject
specimens from one lot for at least 10 000 h. Terminats the
tests on the two -additional lots after 2000 h. The resulrs from
cach of the three lots shall be within the same or next higher
cell limits.

Note 10—For pressure application at elevated temperatures, the hy-
drostatic design basis should be determined at that tempecature in
sccordance with Test Method D 2837, The 100 000-h intercept should be
categorized in accordance with Table 1 of Test Method D 2837.

10.1.8.2 Minimum Reguired Strength—Determine the mini-
mum required strength in accordancc with ISO 5080 and
ISO 12162,

10.1.9 Therma! Stabilin—Test specimens taken from pipe
or fimings made from the virgin martcrial with a differential
scanning calorimeter (DSC).2 The directions of the instrument
manufacturer regarding calibration and operaton shall be
followed except when in conflict with other parts of this
section.

Notc 11—This test requircs accuratc temperzture and atmosphere
canrrol on cthe DSC spocimen comperunent The DSC manufacturers offer

" choices in cel! configuration und temperature control parameters that may
affect this required- control. For example, in some power compensadon
DSCs, use of the twa-hole platinumn specimen holder lids with a special
“flow-through™ swing-uway block cover is required. Therefore, the vser
may wish 10 consult equipment-specific literature and with the equipment
manufactucer o optimizz the operation of individual DSCs for this test

10.1.9.1 Specimens—Press small pieces of the pipe inta
films 0.127 = 0.013 mm (0.0050 = 0.0005 in.) thick. Cut at
least three disks 6.35=0.13 mm (0.250 = 0.005 in} in
diameter from the film.

10.1.9.2 Procedure—Place the disk of film in a small
aluminum cup used in the DSC in a stretched condition, as
shown in Fig. 1(a). Placc & small piece of indium (melting
point 156.6°C) or anisic acid (melting point 183.0°C) for a
temperatuce reference standard conrained in a similar cup (see
Fig. 1(b)) in the reference position. Usc an oxidized copper
reference disk for black, filled, or dark brown test specimens
and en aluminum disk for namral or lighr pigmented polymers.
Place the specimen and reference stundard cups in the mstru-
ment which is preset at approximartely 150°C. The botoms of

* Insrumenss are avisilable from TA Ingtnnneats. Peckin-Elmer, and others.

th
to

the cups shail be pressed and rubbed sccurcly againss the
surfscs s as & cnsurs thut themmal confact is made. Al
min Tor the cups to reach thermal equilibrium. Bapin
programmed heating ar spproximartely 130°C at a hearting rare
of 10.0°C/min 1in static air. Test ar Jeast three film specimens
from each sample and use the average value for the inducrion
lemperanre.

T

o'

Note 12—Since the indiuet standard may change with usc, it shouid
not be used more then 30 omes without confirming that ne sipnificant
change in meling point has occurred. This check can be made by
comparison with 1 fresh piece of indium,

10.1.8.3 Resules—The temperatuce change (A7) or heat
absorption rate-(J/s} in the specimen plotted against tempera-
turc shall producc a line with 2 -clear risc in slopc. The
induction temperature (degradarion onser) is the intersection of
the extended base line and a line tangent 1o the leading slope of
the cxathermic decomposition peak (scc Fig. 2).

10.1.10 Carbon Bluck Content-—Test Method D 1603 shall
be used. Make duplicare determinations from a sample of the
marcrial in the form of powder, granulcs, or pellets.

11. Inspection

11.1 Inspection of the matcrial shall be made as agreed upon
berween the purchaser and the manvfacturee as part of the
purchasc contract.

12. Retest aud Rejection

12.1 If any failure occurs, and when specified by the
manufacturer, the material shall be retested to establish con-
formiry in accordance with the agreement berween the pur-
chaser and the manufacturer.

13. Packaging and Marking

13.1 Packaging—The material shall be packaged in stan-
dard commercial containers, so constructed as to ensure
gcceptance by common or cther carmriers for safe transportation
at the lowast rate to the point of delivery, unless otherwise
specified in the contract or order.

13.2 Marking—Unlcss otherwise agreed upon between the
seller and the purchaser, shipping conminers shall be marked
with the name of the marerial, identification according to this
specificatien, the 1ot or batch number and quantity contained
therein, as defined by the conmact or order under which
shipment is madc, and the name of the manufacturer.

133 All packing, packaging, and marking provisions of
Practice D 3892 shall apply to this specification.
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13. Kevwords

12.1 cell classificadon system; pipe end fittings material;
polvethyicnc; recycled

SUMMARY OF CHANGES

This section identifies the Jocatlon of sclected changss to this specification. For the convenience of the uscr,
Cotnminee D20 has highlighted those changes that may impact the use of this specification. This section may
also include descriptions of the changes or reasons for the changes, or both,

D 3350-99: {2) Added YSO 9080 and ISO 12162 tw the Referenced
(I) Revised Table 1, Property I, Cells 1, 2, and 3. Documents section.

D 535(%?10:.; (3) Revised Note 6.

(1) Added 3.3. . . .

D 3350-01 (4) Revised subsecrion 10.1.8.

(1) Revised Table 1, Property 6 to add MRS values as cells 5

and 6.

The Amerlcan Soclety for Testing and Materials takcs no position respecling the validily of any pstant rights gsasred in connscrion
witn any tsm menvoned in this standard, Users of Lhis £i3ndsra sn2 axprassiy aovised that daterminaton of the valldity of any such
patent rights, and the Ask of infringement of suzh nghts, ara snilrely their own responsibilily.

This standard is subject ro ravislon at any tme by the rasponsibls technical commitlss and must be reviewsd cvery five yoors and
if not revisad, eltherraapproved or withdrawn. Yaur commentis arc invited oither for revisian of this Standard ar far 3ddianal Stenaarog
and shauld be addressed to ASTM Headauariers. Your camments will recaive careful considerstion af a meeting of the responsibla
technical commitiee, which you may allend, Jf you feel Inar your comments hava not racalved s fair hearing you should make your
viaws known to the ASTM Commillce on Stondards, at the addrass shown dalow.

This standard is copyrighted by ASTM, 100 Borr Hasbar Drive, PO Bax CT0OD. West Conahohocken, PA 19428-2058, Unltad Siaiss.
individual reprints (single or mulliple copies) of Ihig standara may be obisinad by coniactng ASTA at the above address or at
810-832-9585 (phona), 610-832-9555 (fax), or garvica@ ason.arg (e-maill; or mrough the ASTA websits (www.asim.cra).
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South Dakota Public Utilities Commission

WEEKLY FILINGS
For the Period of June 6, 2002 through June 12, 2002

If you need a complete copy of a filing faxed, overnight expressed, or mailed to you, please contact
Delaine Kolbo within five business days.of this report. Phone: 605-773-3705 Fax: 605-773-3809

CONSUMER COMPLAINT

CT02-018 In the Matter of the Complaint filed by the Loyal Order of Moose, Belle Fourche,

South Dakota, against UKI Communications, Inc. Regarding Unauthorized Switching
of Services.

Complainant states that its service was switched without authorization. When UKI was contacted about
the charges, UKl indicated that the charges would be refunded, which complainant states never
happened. UKI also stated that Complainant's account would be closed. Complainant continued to
receive monthly statements with UKI charges. Complainant requests that all charges be removed and/or

refunded. Complainant also requests that it receive anything that is available to it under South Dakota
law.

Staff Analyst: Mary Healy
Staff Attorney: Karen Cremer
Date Docketed: 06/12/02
Intervention Deadline: N/A

ELECTRIC

EL02-013 In the Matter of the Filing by Otter Tail Power Company for Approval of a Contract
with Deviations with the City of Brandt.

Application by Otter Tail Power Company for approval of a contract with deviations to serve the City of

Brandt. The existing contract to serve the City will expire on July 1, 2002. The new contract does not
include any new rates.

Staff Analyst: Dave Jacobson
Staff Attorney: Kelly Frazier
Date Filed: 06/07/02
Intervention Deadline: 07/05/02

PIPELINE SAFETY

PS02-001 In the Matter of the Filing by Montana-Dakota Utilities Co., a Division of MDU
Resources Group, Inc. for Approval of Waiver.

On June 6, 2002, the Commission received for approval a filing from Montana-Dakota Utilities Company
(MDU), requesting a waiver of 49 CFR Part 192, Paragraph 192.59(a)(1) (ASTM D2513) Plastic Pipeline
Materials. According to MDU, a shipping error was made in July 2000 by Chevron Phillips Chemical
Company (Chevron) resulting in UPONOR receiving non-standard polyethylene raw materiais (TR-130
resin) which was subsequently converted into pipe. MDU received several thousand feet of this pipe
that had not been properly qualified to ensure compliance with ASTM D2513 as required by the
referenced code, for use in its natural gas system. MDU did install that pipe near Rapid City, SD. Since
its installation, Chevron performed extensive testing and demonstrated the pipe does in fact meet the
minimum requirements of ASTM D2513. MDU proposes to allow the pipe to remain in service and is
requesting a waiver from the Commission and the Federal Department of Transportation Regulations to
allow the pipe to remain in service. Any party wishing to comment on the filing may do so by filing
written comments with the Commission and the parties to the agreement no later than June 26, 2002.



Parties may file written responses to the comments no later than twenty days after the service of the
initial comments.

Staff Analyst: Martin Bettmann
Staff Attorney: Kelly Frazier
Date Docketed: 06/06/02

Initial Comments Due: 06/26/02

TELECOMMUNICATIONS

TC02-052 In the Matter of the Establishment of Switched Access Revenue Requirement for
West River Cooperative Telephone Company.

On June 10, 2002, West River Cooperative Telephone Company, Bison, South Dakota, filed a switched
access cost study developing a revenue requirement and minutes of use that are included in the

revenue requirement and minutes of use used to determine the switched access rates for the Local
Exchange Carrier Assomatlon

Staff Analyst: Harlan Best

Staff Attorney: Karen Cremer
Date Docketed: 06/10/02
Intervention Deadline: 06/28/02

TC02-053 ln the Matter of the Establishment of Switched Access Revenue Requirement for
Interstate Telecommunlcatlons Cooperative, Inc.

Interstate Telecommunications Cooperative, Inc. (Interstate) filed a switched access cost study
developing a revenue requirement and minutes of use. Interstate does not currently have its own

access tariff but is seeking membership of the Local Exchange Carrier Association. lt is Interstate's
desire to be part of the LECA tariff. : :

Staff Analyst: Heather Forney
Staff Attorney: Karen Cremer
Date Docketed: 06/10/02
Intervention Deadline: 06/28/02 -

TC02-054 In the Matter of the Fstabhshmnnt of Q-wn’sched Access Revenue Requirement for
Vivian Telephone Company

Vivian Telephone Company, Wall, South Dakota, filed a switched access cost study developing a
revenue requirement and minutes of use that are included in the revenue requirement and minutes of
use used to determine the switched access rates for the Local Exchange Carrier Association.

Staff Analyst: Keith Senger
Staff Attorney: Karen Cremer
Date Docketed: 06/10/02
Intervention Deadline: 08/28/02

TC02-055 In the Matter of the Filing for Approval of an Amendment to an Interconnection
Agreement between Qwest Corporation and Black. Hills FiberCom, Inc.

On June 10, 2002, the Commission received for approval an Amendment re: DS1 Digital Capable Loops
and Provisioning Options to the Wireline interconnection Agreement between Qwest Corporation
(Qwest) and Black Hills FiberCom, Inc. for the State of South Dakota (Black Hills FiberCom). According
to the parties, the original Agreement was a negotiated agreement which was approved by the
Commission effective January 6, 1999, in Docket TC88-205. The current Amendment is made in order
to add to the Agreement the terms, conditions and rates for DS1 Digital Capable-Loops and-Provisioning
Options, as set forth in Attachment 1 and Exhibits A and B, attached to the Amendment. Any party



wishing to comment on the agreement may do so by filing written comments with the Commission and
the parties to the agreement no later than July 1, 2002. Parties to the agreement may file written
responses to the comments no later than twenty days after the service of the initial comments.

Staff Attorney: Kelly Frazier
Date Docketed: 06/10/02
Initial Comments Due: 07/01/02

TC02-056 In the Matter of the Filing for Approval of an Agreement for Terms and Conditions

for Interconnection, Unbundled Network Elements, Ancillary Services and Resale of
Telecommunications Services between Qwest Corporation and NOW
Communications of South Dakota, inc.

On June 10, 2002, the Commission received for approval an Agreement for terms and conditions for
interconnection, unbundled network elements, ancillary services and resale of telecommunications
services provided by Qwest Corporation in the State of South Dakota (Qwest) and NOW
Communications of South Dakota, Inc. (NOW). According to the parties the Agreement is a negotiated
agreement which sets forth the terms, conditions and prices under which Qwest will offer and provide to
any requesting CLEC network interconnection, access to unbundled network elements, ancillary services
and telecommunication services available for resale within the geographical areas in which Qwest is
providing local exchange service at that time and for which Qwest is the incumbent LEC within the State
of South Dakota for purposes of providing local telecommunications services. Any party wishing to
comment on the agreement may do so by filing written comments with the Commission and the parties
to the agreement no later than July 1, 2002. Parties o the agreement may file written responses to the
comments no later than twenty days after the service of the initial comments.

Staff Attorney: Kelly Frazier
Date Docketed: 06/10/02
Initial Comments Due: 07/01/02

TC02-057 In the Matter of the Application of ICG Telecom Group, Inc. for a Certificate of
Authority to Provide Local Exchange Services in South Dakota.

ICG Telecom Group, Inc. filed an application for a Certificate of Authority to provide facilities-based and
resold local exchange telecommunications service in South Dakota. ICG Telecom Group proposes to
provide service in the entire service area of Qwest Corporation.

Staff Analyst: Michele Farris
Staff Attorney: Kelly Frazier
Date Filed: 086/10/02
Intervention Deadline: 06/28/02

TC02-058 In the Matter of the Establishment of Switched Access Revenue Requirement for

Sioux Valley Telephone Company.

On June 11, 2002, Sioux Valley Telephone Company, Dell Rapids, South Dakota, filed a switched
access cost study developing a revenue requirement and minutes of use that are included in the

revenue requirement and minutes of use used to determine the switched access rates for the Local
Exchange Carrier Association.

Staff Analyst: Harlan Best
Staff Attorney: Karen Cremer
Date Docketed: 06/11/02
Intervention Deadline: 06/28/02

You may receive this listing and other PUC publications via our website or via internet e-mail.
You may subscribe or unsubscribe to the PUC mailing lists at http://www.state.sd.us/puc
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Soatt Datkota
Public Utilities Commission

State Capitol Building, 500 East Capitol Avenue, Pierre, South Dakota 57501-5070

September 3, 2002 REGE'VED

Debra Elofson ' B '

Executive Director SEP ’ ‘i 2002

South Dakota Public Utilities Commission SOUTHD AKOTA PUBLIC
UTILITIES COMMISSION

RE: PS02-001

Dear Debra,

Enclosed are five (5) copies of the proposed stipulated agreement between
Montana-Dakota Utilities Company (MDU) and the staff of the South Dakota
Public Utilities Commission in the above-cited docket. A meeting on this
stipulation is scheduled for the Thursday, September 5, 2002 at 1:30 P.M. Staff
will be recommending that the Commission at that meeting approve this
stipulated agreement. Please contact either Martin Bettmann or myself if you or
the Commissioners have any questions regarding this submission.

Sincerely,
tﬁ‘j/_

Kelly D). Frazier
Staff Attorney
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BEFORE THE PUBLIC UTILITIES COMMISSION

OF THE

STATE OF SOUTH DAKOTA
IN THE MATTER OF THE FILING BY )
MONTANA-DAKOTA UTILITIES CO., ) STIPULATION
A DIVISION OF MDU RESOURCES )
GROUP, INC. FOR APPROVAL OF ) PS02-001
WAIVER )

It is hereby stipulated and agreed by and between Montana-Dakota Utilities Co.
(“Montana-Dakota”) and Staff of the South Dakota Public Utilities Commission
(“Staff), that the following Findings of Fact and Conclusion of Law, and an appropriate
Order consistent with said Findings and Conclusions may be adopted by the South
Dakota Public Utilities Commission (the “Commission”) in the above captioned matter.
In support of the Waiver Request, Montana-Dakota hereby offers this Stipulation, the
Waiver Request filed on June 6, 2002 and the responses submitted to Staff’s data request.
Staff offers no answering testimony or exhibits conditioned upon the Cornmission
accepting the following Findings of Fact and Conclusions of Law.

FINDINGS OF FACT

As the result of a shipping error made by Chevron Phillips Chemical Company LP ,
UPONOR rcceived non-standard polyethylene raw materials, i.e. TR-130 resin, that they
subsequently converted to pipe. Montana-Dakota received approximately 63,000 feet of
that pipc from UPONOR in late July and early August 2000. Approximately 38,600 feet
of the pipe was installed by Montana-Dakota in the state of South Dakota between July
2000 and November 2000, Montana-Dakota received an alert notice on January 11, 2001,
and discontinued installing the pipe. Approximately 4,400 feet was installed in Wyoming
and the remaining 20,000 feet of unused pipe was returned to UPONOR.

49 CFR Part 192.59(a) requires that “New plastic pipe is qualified under this part (49
CFR Part 192) if: (1) It is manufactured in accordance with a listed specification: and (2)
It is resistant to chemicals with which contact may be anticipated.” The specification for
all new plastic pipe listed in 49 CFR Part 192 Appendix A, II. C. 10. is ASTM
Designation: D2513 “Standard Specification for Thermoplastic Gas Pressure Pipe,
"Tubing, and Fittings” (D2513-87 edition for §192.59(a)(1), otherwise D2513-96a). D-
2513 requires, among other things, that the resin uscd to make the pipe have a “PP1
recommended long term hydrostatic stress rating.” At the time the pipe was installed, the
resin did not carry such a rating; subsequently, the resin did receive the required rating.

Through subsequent testing of the TR-130 resin and the various sizes of pipe produced
from the resin, in particular the two-inch IPS plastic pipe installed by Montana-Dakota, it
has been documented that the two-inch pipe made with the TR-130 resin meets the
specifications of ASTM D2513. Documentation of the testing conducted on the pipe
madc with the TR-130 resin was filed as part of the waiver request.
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CONCLUSIONS OF LAW
1.

The Commission has jurisdiction over the subject matter and parties to the
proceedings pursuant to SDCL Chapter 49-34B-27. Subject to the finding that the waiver
of compliance is not inconsistent with gas pipeline safety, the Commission has the
authority to waive in whole or in part any standards established pursuant to SDCL
Chapter 49-34B-24.

2.

At the time the pipe made with the TR-130 resin was installed, the TR-130 resin
did not carry the hydrostatic stress rating required by ASTM D-2513 and 49 CFR Part
192.59(a). Therefore, a waiver request was sought by Montana-Dakota to continue to
maintain and operate the approximately 38,600 feet of pipe that has been installed in
South Dakota.

3.

The two-inch IPS plastic pipe made with the TR-130 resin and installed by
Montana-Dakota in South Dakota has been tested and it has been determined that the pipe
meets the qualification requirements found in 49 CFR Part 192.59(a).

4,

A waiver granted by the Commission may not become effective until at least GO
days after the Associate Administrator, Office of Pipeline Safety, Research and Special
Programs Administration, United States Department of Transportation, receives a written
notice of the waiver from the Commission and has no objection to the waiver and so
notifies the Commission.

STIPULATE TO THE FOLLOWING TERMS AND CONDITIONS
1.
Montana-Dakota will continue with its ongoing program to attempt to identify
exactly where the 38,600 feet of TR-130 resin pipe has been installed. Montana-Dakota
shall make this information reasonably available to the Commission upon request.

2.

After a period of three years following the installation of the aforementioned pipe,
three random samples of two-inch size PE pipe containing the TR-130 resin will be taken
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from the system and tested in accordance with ASTM D2513 Sections A.1.5.2, A.1.5.5,
and A.1.5.8 product requirements for pipe and fittings. Specifically, those tests include
measurement of pipe diameter, wall thickness, squeeze-off stability, and burst pressure. If
the results are within acceptable ranges, no further action or future tests will be taken
except for such actions required under DOT 192.617.

If any pipe sample falls outside acceptable ranges, then three additional random samples
will be taken and tested in accordance with the above-described procedure. If each of
these results are within acceptable ranges, no further action or future tests will be taken
except for such actions required under DOT 192.617. Should any one of these samples
fall outside acceptable ranges, then Montana-Dakota, in collaboration with the DOT
regulatory agencies, will meet to discuss what, if any, further action is appropriate and
necessary, and develop a plan of action.

Montana-Dakota shall report the results of any such testing to the Commission.
3.

Montana-Dakota shall report any failures of the TR-130 resin pipe to the
Commission and to the American Gas Association Plastic Pipe Database Committee.

Date September 3, 2002
MONTANA-DAKOTA UTILITIES CO.

By:WfM'

David L. Goodin
Vice President — Operations

.,

Kelly Fraigf;, @)
Staff Atto ‘

‘South Dakota Public Utilities Commission




BEFORE THE PUBLIC UTILITIES COMMISSIO
OF THE :
STATE OF SOUTH DAKOTA

IN THE MATTER OF THE FILINGBY )
MONTANA-DAKOTA UTILITIES CO., ) STIPULATION
A DIVISION OF MDU RESOURCES )
GROUP, INC. FOR APPROVAL OF )

)

WAIVER

PS02-001

It is hereby stipulated and agreed by and between Montana-Dakota Utilities Co.
(“Montana-Dakota”) and Staff of the South Dakota Public Utilities Commission
(“Staff™), that the following Findings of Fact and Conclusion of Law, and an appropriate
Order consistent with said Findings and Conclusions may be adopted by the South
Dakota Public Utilities Commission (the “Commission”) in the above captioned matter.
In support of the Waiver Request, Montana-Dakota hereby offers this Stipulation, the
Waiver Request filed on June 6, 2002 and the responses submitted to Staff’s data request.
Staff offers no answering testimony or exhibits conditioned upon the Commission
accepting the following Findings of Fact and Conclusions of Law. -

FINDINGS OF FACT

As the result of a shipping error made by Chevron Phillips Chemical Company LP ,
UPONOR received non-standard polyethylene raw materials, i.e. TR-130 resin, that they
subsequently converted to pipe. Montana-Dakota received approximately 63,000 feet of
that pipe from UPONOR in late July and early August 2000. Approximately 38,600 feet
of the pipe was installed by Montana-Dakota in the state of South Dakota between July
2000 and November 2000. Montana-Dakota received an alert notice on January 11, 2001,
and discontinued installing the pipe. Approximately 4,400 feet was installed in Wyoming
and the remaining 20,000 feet of unused pipe was returned to UPONOR.

49 CFR Part 192.59(a) requires that “New plastic pipe is qualified under this part (49
CFR Part 192) if: (1) It is manufactured in accordance with a listed specification: and (2)
It is resistant to chemicals with which contact may be anticipated.” The specification for
all new plastic pipe listed in 49 CFR Part 192 Appendix A, II. C. 10. is ASTM
Designation: D2513 “Standard Specification for Thermoplastic Gas Pressure Pipe,
Tubing, and Fittings” (D2513-87 edition for §192.59(a)(1), otherwise D2513-96a). D-
2513 requires, among other things, that the resin used to make the pipe have a “PPI
recommended long term hydrostatic stress rating.” At the time the pipe was installed, the
resin did not carry such a rating; subsequently, the resin did receive the required rating.

Through subsequent testing of the TR-130 resin and the various sizes of pipe produced
from the resin, in particular the two-inch IPS plastic pipe installed by Montana-Dakota, it
has been documented that the two-inch pipe made with the TR-130 resin meets the
specifications of ASTM D2513. Documentation of the testing conducted on the pipe
made with the TR-130 resin was filed as part of the waiver request.



CONCLUSIONS OF LAW
1.

The Commission has jurisdiction over the subject matter and parties to the
proceedings pursuant to SDCL Chapter 49-34B-27. Subject to the finding that the waiver
of compliance is not inconsistent with gas pipeline safety, the Commission has the
authority to waive in whole or in part any standards established pursuant to SDCL
Chapter 49-34B-24.

2.

At the time the pipe made with the TR-130 resin was installed, the TR-130 resin
did not carry the hydrostatic stress rating required by ASTM D-2513 and 49 CFR Part
192.59(a). Therefore, a waiver request was sought by Montana-Dakota to continue to
maintain and operate the approximately 38,600 feet of pipe that has been installed in
South Dakota.

3.

The two-inch IPS plastic pipe made with the TR-130 resin and installed by
Montana-Dakota in South Dakota has been tested and it has been determined that the pipe
meets the qualification requirements found in 49 CFR Part 192.59(a).

4.

A waiver granted by the Commission may not become effective until at least 60
days after the Associate Administrator, Office of Pipeline Safety, Research and Special
Programs Administration, United States Department of Transportation, receives a written
notice of the waiver from the Commission and has no objection to the waiver and so
notifies the Commission.

STIPULATE TO THE FOLLOWING TERMS AND CONDITIONS-
1.
Montana-Dakota will continue with its ongoing program to attempt to identify
exactly where the 38,600 feet of TR-130 resin pipe has been installed. Montana-Dakota
shall make this information reasonably available to the Commission upon request.

2.

After a period of three years following the installation of the aforementioned pipe,
three random samples of two-inch size PE pipe containing the TR-130 resin will be taken



from the system and tested in accordance with ASTM D2513 Sections A.1.5.2, A.1.5.5,
and A.1.5.8 product requirements for pipe and fittings. Specifically, those tests include
measurement of pipe diameter, wall thickness, squeeze-off stability, and burst pressure. If
the results are within acceptable ranges, no further action or future tests will be taken
except for such actions required under DOT 192.617.

If any pipe sample falls outside acceptable ranges, then three additional random samples
will be taken and tested in accordance with the above-described procedure. If each of
these results are within acceptable ranges, no further action or future tests will be taken
except for such actions required under DOT 192.617. Should any one of these samples
fall outside acceptable ranges, then Montana-Dakota, in collaboration with the DOT
regulatory agencies, will meet to discuss what, if any, further action is appropriate and
necessary, and develop a plan of action.

Montana-Dakota shall report the results of any such testing to the Commission.
3.

Montana-Dakota shall report any failures of the TR-130 resin pipe to the
Commission and to the American Gas Association Plastic Pipe Database Committee.

Date September 3, 2002
MONTANA-DAKOTA UTILITIES CO.

Byz,ﬂﬁ/f%ﬁ‘

David L. Goodin D @
Vice President — Operations

Kelly Fraizer
Staff Attorn
South Dakota Public Utilities Commission



BEFORE THE PUBLIC UTILITIES COMMISSION
OF THE STATE OF SOUTH DAKOTA

IN THE MATTER OF THE FILING BY ) ORDER APPROVING

MONTANA-DAKOTA UTILITIES CO., A ) STIPULATION
DIVISION OF MDU RESOURCES GROUP, INC. )
FOR APPROVAL OF WAIVER ) PS02-001

On June 6, 2002, the South Dakota Public Utilities Commission (Commission) received for
approval a filing from Montana-Dakota Utilities Company (MDU), requesting a waiver of 49 CFR Part
192.59(a)(1). According to MDU, a shipping error was made in July 2000 by Chevron Phillips
Chemical Company (Chevron) resulting in UPONOR receiving non-standard polyethylene raw
materials (TR-130 resin) which was subsequently converted into pipe. MDU received several
thousand feet of this pipe that had not been properly qualified to ensure compliance with ASTM
D2513 as required by the referenced code, for use in its natural gas system. MDU did install that
pipe near Rapid City, South Dakota. Since its installation, Chevron performed extensive testing and
demonstrated the pipe does in fact meet the minimum requirements of ASTM D2513. MDU
proposes to allow the pipe to remain in service and is requesting a waiver from the Commission and
the Federal Department of Transportation Regulations to allow the pipe to remain in service.

On September 3, 2002, the Commission received a Stipulation from Staff and MDU.

At its regularly scheduled meeting of September 5, 2002, the Commission considered
whether to approve the Stipulation. Commission Staff recommended its approval.

The Commission has jurisdiction over this matter pursuant to SDCL 49-34B. The
Commission unanimously voted to approve the Stipulation. It is therefore

ORDERED, that the Commission approves and adopts the Stipulation, including the Findings
of Fact and Conclusions of Law set forth therein; and it is further

ORDERED, that in conformity with the terms and conditions of the Stipulation, MDU shall:

Continue with its ongoing program to attempt to identify exactly where the 38,600 feet of TR-
130 resin pipe has been installed. Montana-Dakota shall make this information reasonably available
to the Commission upon request.

After a period of three years following the installation of the aforementioned pipe, three
random samples of two-inch size PE pipe containing the TR-130 resin will be taken from the system
and tested in accordance with ASTM D2513 Sections A.1.5.2, A.1.5.5, and A.1.5.8 product
requirements for pipe and fittings. Specifically, those tests include measurement of pipe diameter,
wall thickness, squeeze-off stability, and burst pressure.

Montana-Dakota shall report any failures of the TR-130 resin pipe to the Commission and
to the American Gas Association Plastic Pipe Database Committee.

If the results are within acceptable ranges, no further action or future tests will be taken except for
such actions required under 49 CFR Part 192.617.

If any pipe sample falls outside acceptable ranges, then three additional random samples will
be taken and tested in accordance with the above-described procedure. If each of these results are
within acceptable ranges, no further action or future tests will be taken except for such actions



required under 49 CFR Part 192.617. Should any one of these samples fall outside acceptable
ranges, then Montana-Dakota, in collaboration with the DOT regulatory agencies, will meet to
discuss what, if any, further action is appropriate and necessary, and develop a plan of action.

Montana-Dakota shall report the results of any such testing to the Commission.

Montana-Dakota shall report any failures of thé TR-130 resin pipe to the Commission and
to the American Gas Association Plastic Pipe Database Committee.

it is further

ORDERED, that subject to the terms and conditions set forth in the Stipulation and this order,
a waiver of the requirements of 49 CFR Part 192.59(a)(1) is hereby granted pursuant to SDCL 49-

34B-24, which shall permit Montana-Dakota to continue to maintain and operate the nonconforming
pipe; and it is further

ORDERED, that the effective date of this order and waiver shall be the date sixty (60) days
after the Associate Administrator, Office of Pipeline Safety, Research and Special Program
Administration, United States Department of Transportation has received written notice of this order
and waiver and has notified the Commission that/i:&as no objection to the waiver.

Dated at Pierre, South Dakota, this 225 day of September, 2002.

CERTIFICATE OF SERVICE BY ORDER OF THE COMMISSION:

The undersigned hereby certifies that this
document has been served today upon all parties of
record in this docket, as listed on the docket service

list, by facsimile or by first class mail, in properly M / = W

addressed epyelopes, with charges prepaid thereon. J ES A. BUIEQG,VCﬁ/airman /
By: M/ / &{’% r—:?j; . M
S / sloz | 5 i1, YAy 51

PAN'NELSON, Corhmissioner

(OFFICIAL SEAL) % —K XC&\J\ \}»\ LN

ROBERT K. SAHR, Commissioner Q
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South Dakota
Public Utilities Commission

State Capitol Building, 500 East Capitol Avenue, Pierre, South Dakota 57501-5070

0CT -3 00

October 1, 2002

Stacey L. Gerard

Associate Administrator for Pipeline Safety
Office of Pipeline Safety, RSPA

400 7th Street, S.W., Rm. 7128
Washington DC 20590-0001

RE: Notice of Waiver Granted to Montana-Dakota Utilities Company

Dear Ms. Gerard:

Enclosed is a copy of the Waiver Request filed by Montana-Dakota Utilities
Company and the Order issued by the South Dakota Public Utilities

Commission granting the waiver. We ask your concurrence in the granting of
the Waiver.

We would appreciate acknowledgement of receipt of this filing. A duplicate
copy of the letter is attached for your convenience. Please date stamp the
letter and return it in the enclosed envelope.

Let me know if you have any questions.

Sincerely,

it o

Martin C. Bettmann
Pipeline Safety Program Manager

Enclosure.




@

U.S. Depariment

400 Seventh St., S.W.
of Transportation Washington, D.C. 20590
Research and

Special Programs

Administration N7 200
RECEIVED
_ JAN 15 2003
Mr. Martin C. Bettmann '
Pipeline Safety Program Manager SOUTH DAKOTA PUBLIC
South Dakota Public Utilities Commission UTILITIES COMMISSION
500 East Capitol Avenue

Pierre, South Dakota 57501-5070

Dear Mr. Bettmann:

We have considered your letter of October 1, 2002, notifying us that the Commission
granted the Montana-Dakota Utilities Company (MDU) a waiver from compliance with 49 CFR
§:192.59(a)(1) for UPONOR plastic pipe that MDU installed between July and November 2000.
Section 192.59(a)(1) states that new plastic pipe is qualified for use if it is manufactured in
accordance with a listed specification, which includes ASTM D2513.

According to the waiver, after installation, MDU learned from UPONOR that the plastic
pipe did not qualify under ASTM D2513 because the pipe resin lacked the PPI long-term
hydrostatic stress rating. Subsequently, the resin received the required rating. MDU submitted
documentation of extensive testing done by Chevron Phillips Chemical Company on the resin

and various sizes of pipe produced from the resin indicating that the pipe installed by MDU does
meet the subject ASTM D2513 requirements.

The order granting the waiver indicates the Commission has concluded that the pipe
MDU installed meets 49 CFR § 192.59(a)(1). Nonetheless, the order establishes certain

additional random sampling, testing, and reporting requirements. We have no objection to the
Commission’s order.

-Sincerely, .

;
14

Stacey LY Gerard
Associate Administrator
for Pipeline Safety



¥ MONTANA-DAKOTA
UTILITIES CO.

A Division of MDU Resources Group, Inc.

400 North Fourth Sireet
Bismarck, ND 58501
(701) 222-7900

January 22, 2004

Public Utilities Commission of South Dakota

Capitol Building REGEIVED

500 East Capitol Avenue
Pierre, South Dakota 57501 JAN 2 6§ 200%
ATTN: Mr.XKelly Fraizer SOUTH DAROTA PURLIC

UTILITIES COMMISSION
RE: UPONOR TR 130 Pipe test results

Dear Mr. Fraizer:

Pursuant to Stipulation PS02-001, dated September 4, 2002 Montana-Dakota Utilities Co.
hereby submits the test results from pipe tested in accordance with the stipulation.
Testing was conducted by UPONOR at their test facilities in Tulsa, Oklahoma. Tests
conducted were: measurement of pipe diameter, wall thickness, squeeze-off stability and
burst pressure and were conducted in accordance with ASTM D 2513, ASTM D 1598
and ASTM D 1599. The conclusion of the testing is that “All specimens met or exceeded
the listed procedure requirements.” A copy of the report and test results is attached.

Based on the results of this testing, and in accordance with the stipulation, Montana-
~ Dakota Utilities Co. considers that the requirements of Stipulation PS02-001 have been
met and no further testing, except as required by 49 CFR 192.617, shall be conducted.

Sincerely,

Bruce Nelson, P.E— -
Gas Distribution Manager

Attachment

¢: Dave Goodin — Executive
Larry Thompson — Rapid City
Tom Hopgood — Legal
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Gponor

TECHNICAL LAB
REPORT
For: Bruce Nelson Uponor Aldyl Company
Montana Dakota Utilities 4501 West 49" Street
400 N. Fourth St. Tulsa, OK 74107-7315
Bismarck, ND 58501 Tel. (918) 446-4471

Fax (918) 446-9369

Plant Contact: Larry Shelton - Phone 918-445-5643
Job Number: 100302 Lot Numbers: Pipe —2” SDR 11, T01072200.

Background:  Uponor produced UAC 2000 pipe from TR 130 resin in July of 2000. The pipe was quality
control checked per standard ASTM D 2513 requirements.

Product Description: Uponor UAC 2000 pipe produced from Chevron Phillips Chemical TR 130 PE 2406
resin. Resin was qualified per PPI TR 3 procedures.

Scope: Testing was performed to satisfy Stipulation PS02-001 issued by the South Dakota Public

Utilities Commission, specifically, the requirements of ASTM D 2513, sections A.1.5.2,
A.15.5,8A.158.

Preparation:  Test Conditions: 23°C & 80° C.
Test Procedures: Per ASTM D 1598, ASTM D 2513, ASTM D 2122 & ASTM D 1599.

ASTM D 1599: 5 specimens were tested, with ductile failure occurring in the pipe wall.
ASTM D 1598 6 specimens were squeezed a minimum of 4 hrs per D 2513 requirements, then tested @ 670
psi for >170 hrs. at 80°C, with no indication of any pipe failures.
ASTM D 1598 6 specimens were squeezed a minimum of 4 hrs per D 2513 requirements, then tested @ 1320
' psi for >1000 hrs. at 23°C, with no indication of any pipe failures.
ASTM D 2513 6 specimens measured per ASTM D 2122 procedures.

Conclusion: All specimens met or exceeded the listed procedure requirements. The test results confirm
there have been no material changes from when product was produced. See attached data.

Note: “We certify that all portions of each test performed were under continuous, direct supervision
of this laboratory.”
Bob Creason Larry Shelton
Bob Creason Larry Shelton
Lab Operator Lab Supervisor



12/29/03 Test Data for # 100302
MDU TR 130 2" UAC 2000 Pipe, Lot # T01072200

MDU TR 130 Surveillance Pipe Samples
Lot Number T01072200/ 2" IPS SDR 11 UAC 2000 Pipe
Specimens marked as "Hart Ranch-Mulligan Mile & Meadow Lane”

Sustained Pressure Test per ASTM D 1598

Sample |Test Temp| Stress Time Results
1 80° C 670 psi >170 hrs Passed
2 80° C 670 psi >170 hrs Passed
3 80° C 670 psi >170 hrs Passed
4 80° C 670 psi >170 hrs Passed
5 80° C 670 psi >170 hrs Passed
6 80° C 670 psi >170 hrs Passed

Sustained Pressure Test per ASTM D 1598

Sample |Test Temp| Stress Time Results
1 23°C 1320 psi | >1000 hrs | Passed
2 - 23°C 1320 psi ‘| >1000 hrs'| ‘Passed
3 23°C 1320 psi | >1000 hrs | Passed
4 23°C 1320 psi | >1000 hrs | Passed
5 23°C 1320 psi | >1000 hrs | Passed
6 23° C 1320 psi | >1000 hrs | Passed

Quick Burst Test per ASTM D 1599

Sample |Test Temp| Stress Time Mode Result
1 23°C 580 psig 63 Sec Ductile Passed
2 23°C 580 psig 63 Sec Ductile Passed
3 23°C 580 psig 61 Sec Ductile Passed
4 23°C 600 psig 60 Sec Ductile Passed
5 23°C 600 psig 60 Sec Ductile Passed

ASTM D 2513 Dimension Specifications for 2" Pipe
Wall: .216" -.242" |/ OD: 2.369" - 2.381"

As Measured Dimensions

Sample Wall oD
1 .225-.2291 2.376
2 .225-.229| 2.376
3 224 - 227 2.376
4 224 - 227 2.376
5 227 -.228| 2.376
6 227 -.228| 2.376

MDU TR 130 Test Data.xls



