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UTILITIES COMAAISSIOP( 
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500 East Capitol Avenue 
Pierre, SD 57501-5070 

Re: Waiver Request; 49 CFR Part 192, Paragraph l92.59(a)(l) (ASTM 
D25 13) 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, i.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 compliance with ASTM D25 13 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 
Phdlips Chemical Company performed extensive testing and demonstrated 
the pipe does in fact meet the minimum requirements of ASTM D 25 13. 
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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INTARIA-DAKOTA UTILITIES CO. 

In accordance with Mr. Bettrnann'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 ~ o ' k t h  Street 
~i&narck, ND 5 850 1 
70 11222-7784 

2. Waiver requested for: 

49 CFR Part 192, Paragraph 192.59(a)(l) (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 fi-om TR-130 resin that had not been properly qualified to 
ensure compliance with ASTM D25 13 as required by the referenced 
code for use in its natural gas system. 
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WTANA-DAKOTA UTILITIES CO. 

I 

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 WONOR and 
Chevron Phlllips 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 t h s  waiver is 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 ths  issue a significant matter. Accordingly, 
Montana-Dakota appreciates your support in accepting and processing ths  
waiver request. 

Please let me laow 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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INTAM-DAKOTA UTlllTlES CO. 

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 770 10 

Jimmy Collier 
Uponor Aldyl Company 
5062 Allred Road 
Mariposa, CA 95338 
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MEMORANDUM CONCERNING UPONOR MEDIUM DENSITY POLYETHYLENE 
, PIPERECALL 

EXECUTIVE SUMMARY 

On March 14, 2001, Chevron Phillips Chemical Company LP ("CPChemyy) 

advised customers of Uponor 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. $601 18(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-418Nn). Not knowing of the mis- 

shipment,'uponor extruded the resin into MDPE pipe of various sizes during a tkree-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 W 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 when Uponor was unknowingly extruding TR-130 resin, all of which was 

covered by the announced recall program. Finally, other than the pipe that cracked in 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.' in 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. 

I. 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 &, there was nothing to 

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

1 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. 
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not until subsequent testing perfoded in January showed lower levels of UV inhibitor in the 

cracked pipe that CPChem was able to determine that the pipe had been manufactured with a 

resin other than TR-418N. Additional testing . . 

rather than TR-418N. 

Other than the issues discovered 

revealed that the pipe was made fiom TR-130 

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 determined 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 cofirm 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. 
. -- 

- 4 - 
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The January 24 letter was sent to all of Uponor's customers that purchased pipe 
. . 

made at Uponor7s facilities within a four-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 fiom 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 Uponor7s 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 andlor 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 resin 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 fill and complete 

analysis of the issue could be conducted. Since that time, CPChem has devoted a great deal of 

effort and resources to determining why, of all the pipe manufactured with TR-130 during the 

July 2000 time period, only the Keyspan six-inch pipe cracked. This 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: 

Exhibits 3 and 7 are summary chms 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 10-1 2 of this Memorandum. 

Pipe made with TR-130 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. Exhibit. 14 -. 17. 
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The OJ& 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.) - 

rn 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. 

Rapid Crack Propagation ("RCP") was tested on six-inch Uponor pipe using 
the Small-Scale Steady State (34") 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." 

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, 1 1, 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 "Bradley 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 
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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 cracking of the six-inch Keyspan pipe. - See Bradley 

Report at p. 10. 

Taken together, the available data conclusively demonstrate that the Keyspan pipe 

did not crack as a result of any 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: 

o 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. 

0 Second, the installation occurred in extremely cold (sub-freezing) weather in 
Boston. Laboratory testing subsequently revealed that the only abnormality of 

was its lower than normal impact strength at very low 

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.3 

2 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). 

3 As we have stated in this Memorandum, the only pipe that has cracked at cold temperatures - whether in 
the field or in laboratory tisting - 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 & 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 
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D. TR-130 Has Received A Hydrostatic Design Basis Rating From The Plastic 
Pipe Institute 

When the resin mis-shipment was discovered, CPChem initiated the required 

steps to obtain what is known as a Hydrostatic Design Basis, or "HDB," rating fiom the Plastics 

Pipe Institute ("PPI") for TR-130 resin. As explained more hl ly  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 equivalent 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.4 Exhibit 3 5. 

11. 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. 

4 On October 25, 2001, PPI extended the E-2 HDB rating to an E-6 HDB rating based on additionaI data 

. 
submitted by CPChem. 
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of this Memorandum. However, after extensive analysis and fact development, and now that PPI 

has granted the HDB rating, we are confident that in fact the pipe does comply with applicable 

regulations. Accordingly, owners/operators do not need to obtain a waiver to lavdully operate 
. . 

gas pipeline facilities made with TR-130 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 D25 13-96a is attached as Exhibit 36. 

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. 

Annex A1 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 ("PEW) 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 23OC. 
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. 

ASTM D2513-96a section A1.3.4 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: 
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The yellow color concentrate used by Uponor is made with TR-418N, which 
cbntains UV inhibit~r,~ 

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

0 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 ~tandard.~ 

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

require a waiver. 

111. 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. 
- 

5 The yellow color concentrate contains approximately 91% TR-418N and 9% pigment. 
6 W 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. 
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At the outset, it is important to note that the Recall program addressed all 
. . 

uninstalled pipe (by 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 period 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 W 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 sense 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 implicated.' 

In fact, given the presence of W 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 W 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 

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

- -- 

7 
- - 

See ASTM D25 13-96a Section A1 S.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 exposed for four months - including the intense W summer 

months - revealed no notable chpnge in tensile strength or elongation of the pipe as a 

consequence of the outdoor exposure. See 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 case" environment - CPChem also 

conducted artificial accelerated weathering tests. 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 montJs8 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 

-- - 

8 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- 
4 18N. Thus, if one assumes 4 years of outdoor life for TR-4 18N 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-&eck 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 resin, 

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 Fourier Transform Infrared Analysis ("FTIR") testing for W level as well as 

density and melt index9 testing. 

V. CONCLUSION 

CPChem believes that MDPE pipe manufactured with TR-130 complies with all 

applicable laws and regulations and does not require a waiver. Furthermore, the foregoing 

discussion establishes that MDPE pipe made with TR-130 still in service should perform in the 

same manner as MDPE pipe made with TR-418N. The two resins possess essentially 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 submit that the pipe at issue poses no safety hazard and is wholly 

appropriate for use in natural gas transport. 

9 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. 



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

BY: 

Timothy G. T* 
Senior Vice President, Olefins and Polyolefins 
Chevron Phillips Chemical Company, 
Chevron Tower 
1301 McKinney 
Houston, Texas 7701 0-3030 

Heather M. McPhee 
Latham & Watkins 
555 Eleventh Street, NW 
Suite 1000 
Washington, D.C. 20004 



January 24,2q01 

Csmpany hhne 
Xttn: Mr. Customer 
123 Main Street 
City, State Zip 

Dear Mr. Cusiorner: 

All of Uponor's quaiii-y c ~ n i r o l  records verify that the gipe made wiih this di i i~rent  resin 
passed all dirn~nsionai and required tests specified by ASTM 0-2512. EowE\J~:, durifio 
insiallation, one Uponor cus:omer found that some 3i the siiected pipe aid not psss  
pressure tesiing in temperature conditions srouna 30 degrees F~ihrenheii. Specifically, 
cracking was discovered in ceriain placas on the pipe. The exact csuse  of the crxking 
is not known. W e  have not determined ihat the faiiure was relaied to the type of resin 
usad in the pipe. Other sampies  of the affected pipe de!ivered to the cus:orner passed 
all standard pressure testing. 

Chevron Phillips has been provided samples of the failed pipe along 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-4i8N, and Chevron 
Phillips believes the nominal perforrnsnca cnaracieristics of TR-130 after extrusion 
should be substantially similar to those of TR318N. We are at a loss to expiain the 
reported failure of the pipe. The anelysis to date has  Seen based on srnsll rings of pipe, 
and Chevron Fhillips is conduciing more thorough evaluations ?o include seiecied 
impact and pressure tesiing. 



We ha\,e discussad commenting UpGn t h ~  ieiaiive seriousness of ihis problen 2nd 
making a recommendation to U~onor's customers. Althougn Chevron Phillips is 2 resin 
manufacturer 2nd Uponor is well versed on exirusion of polyethylene resins, *we are noi 
experts on natural ass pipe systern insiallation and operation. Moreover, the conditions 
of installation and operation of pipelines vary from geographicsi !omtion to locsiion as 
well 2s from utility to utility. Therefore, we do nor believe it is possible to formulate a 
comment ar recommendation that would be applicabie to all customers and all 
locations. As experiencad users of polyethylene as well as many other types of gas 
piping systems, you ;~iil have specific knowledge as to the installation procedures and 
operating conditions for your systems. Your company is the best judge of the 
seriousness 13i this siiuation âs it applies to YOU. 

:Ne are activeiy invesiigating this matter and wiil provide additional teshnicsi information 
as it becomes avaiisble. In the meantime, if you have any quesiicns at all, piease feel 

to contact your account representative. 

Yours very truly, 



T. G. Taylor 
Senior Vice President 
Ojefins & Polyolefins 

~e imbursement  Ofice 
Address: 
1301 McKinney 
Suite 1299 
Houston. TX 77010-3031 

Reimbursement Ofice 
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 AIdyl 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' MarlexB HHM TR-130 resin 
(TR-130) rather than Chevron Phillips' MarlexB HHM TR-418N resin 
(TR-418N). That letter stated that further details concerning 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 installed and CPC will not reimburse you for such costs. 
Nevertheless, CPC will repurchase, a t  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 
return 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, w e  have only 
been notified of a problem 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. egensive technical.information concerning the TR-418N and TRI 
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 HOB 
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 X" 
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 %" 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. Furthemore, to the extent you incurred reasonable and 
necessary removal, storage, or shipping costs with respect to 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 removallabandonment 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 
pro~osed replacement programs. A toll-free hotline has been set-up in order to respond to any 
questions that you may have. Please feel free to contact u s  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, 

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

Cc: Tom Sheridan, President Uponor Aldyl Co. 

Attachments: 
Reimbursement Program Guidelines 
Sampling Procedures Attachment 
Technical Attachment . 



SAMPLING PROCEDURES 

Pipe Sampling and Transmittal Instructions 
for Six-Inch Pipe Manufactured on July 20 and 23,200C 

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

2) Using a tool such as a carpenter's plane or other scraping device, scrape or shave 
off a thin sample fiom the outside diameter surface of the pipe. ApproximateIy 
0.01-0.02 inch thickness on 2" Outside Diameter (OD) or larger pipe is 
sufficient. CAUTION: DO PiOT EXCEED TEN PERCENT (10%) OF THE 
WALL THICK?'4ESS WHEN TAKIXG A SAMPLE. REMOVAL OF 
MORE THAN 10% OF THE WALL RENDERS THE PIPE 
UNSERVICABLE, REQUIRING REPAIR. ALSO NOTE: THlS METHOD 
OF SAL\IPLZNG IS XOT RECOI\/IMENDED FOR TUBmG. The total 
amount of the sample needs to be approximately the size of a quarter or a large 
postae sramp, and can be comprised of several pieces. 

3) When transmitting the sample to CPC, pleaje include the print line information 
together with the pipe size, and SDR pipe location by street location, city, and 
srate. 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. 

4) ' Please identi@ your company by name, address, and phondfa~. 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. 

5 )  Please ship all samples to: 

Chevron Phillips Chemical Company LP 
Houston Chemical Complex 
1400 Jefferson Road 
Pasadena, TX 77501 
Attention: Austin Wuu 

6) Please direct any questions about this procedure to: 

Reimbursement Office 
13 0 1 McKinney 
Chevron Tower 
Room 1299 
Houston, TX 77010 
(866)274-6799 
(7 13)289-4979 ( f a )  



Technical Attachment 

TR-418N 

Density (glcc) 0.936-0.940 

Melt index (911 0 min.) 0.1 6-0.24 ** 

Catalyst SAME 

Molecular Weight 
Distribution 

Tensile Strength, psi 2900 
Elongation, % . >800 

Flexural Modulus, psi 86,000 
(D3350). 

PENT, hours S O 0  

Melting Point (OC) 127 

Additive Formulation 
Primary YES 
Secondary YES 

SAME 

YES 
(0.15 - 0.21) 

Pipe 

Quick Burst Ductile 

ASTM D3350 
Thermal Stability (OC) >220 

TR-I 30 * 

0.938 

0.25 

YES 
YES 

Ductile 

* Lot used in pipe Uponor's six-inch pipe 
** Historically 0.15 - 0.25 



REIMBURSEMENT PROGRAM GUIDELINES 
March 14,2001 

ELIGIBLE PIPE: Six (6j inch diameter pipe produced by Uponor Aldyl Company 
('Vponor") 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 Ietter sufftcient 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 f o m  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 sup?ort 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 req~est 
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 

- B C E I P T  AND RELEASE: In order to ensure that any and all b d s  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 a11 payments hereunder, CPC reserves 
the right to audit the records of any recipient of advance, progress or reimbursement 
payments hereunder for a period of two (2) years following the fmal payment CPC 
further reserves the right to request additional information from applicant at any time 
concerning the purchase, use, replacement or disposition 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 FIXINGS REQUIRING REPLACEMENT: 

TYPE OF INSTALLATION: 

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

METHOD OF REPLACEMENT: 

ESTIMATED COSTS 

MATERIAL: 

CONSTRUCTION: 
- - 

EQUIPMENT RENTAL: 

OTHER PROPOSED COSTS: (explain) 

TOTAL PROPOSED COST FOR THIS SITE: 





~ n & s i s  of Uponor Pipe 

Prepared for 

Chevron Phillips Chemical Company LP 
1301 McKinney Suite 3400 

Houston, Texas 7701 0 

Prepared by 

7 &&&A. * 
Walter L. Bradley, ~ h . b . ,  P I .  

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 TR13O resin to pipe made with TR4l8N 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 03350 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 03350 
requirement: 0.15-0.40). This indicates that the TR130 and the TR4l8N 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 moleculk 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: 80,000-1 10,000 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 fiom 243-268 for 
TR418N @I3350 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 03350  requirement: >I00 
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 W 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: 

0 Two pieces of pipe (-18 inches in length) that were cut from the several pipes that failed 
pressure testing in Boston in December 2000; 

0 Two-inch and six-inch diameter pipe made fiom TR130 resin and fi-om TR418N resin; 
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 inspection. 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 fiom 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 
inspection 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 fiom 2 inch and 6 inch pipe made fiom TR418N and 
TR130 resins were tested. The TR130-T08-072200 pipe used was made on July 22,2000. This 
pipe is fiom 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 fiom the pipe and tested are indicated in Figure 1. 
The specimens were 0.5 inches by 0.25 inches, and 5" long. To 

I 
Figure 1. Specimen 

Nomenclature 

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 fiom 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. 



Finally, crack growth in the specimens with orientations 0 (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 fiom cracks that grow along the axis 
of the pipe, including the pipe that failed in Boston. Thus, the most relevant test results are 
comparisons fi-om specimens with the H orientation. Unfortunately, Izod test specimens could 
not be cut fiom the 2" pipe. In fact specimens of only one orientation could be cut from the 2" 
pipe; namely, through-wall specimens, which are labeled 0+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 0, 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 
(zadiaVcircumferentia1 plane). 

Third, Izod impact energies for test specimens cut fiom six inch pipe made fiom TR418N resin 
and TR130 resin are both 5.7 KT/m2, 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 TR4l8N. 



Specimen 
Type 

R 
R 
R 
R 
I 
I 
0 
0 

O+I 
0+1 
0+1 
0+1 
O+I 
O+I 
H 
H 
H 
H 

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

Crack 
TY pe 

A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

Material 
Processing 

TR130-T08-072200 
TR13 0-T08-072200 

TR4 18N-T08-07 1900 
TR418N-T08-07 1900 
TR418N-T08-020601 
TR4 18N-T08-020601 
TR418N-T08-020601 
TR418N-T08-020601 
TR130-Lot 8 1 -9-CPC 
TR130-Lot 81-9 CPC 
TR4 1 8N-T04-0 1290 1 
TR418N-T04-012901 
TR130-TO1-072200 
TR130-T01-072200 
TR130-T08-072200 
TR130-T08-072200 

TR418N-T08-07 1900 
TR418N-T08-07 1900 

Pipe 
Dia (in.) 

6 
6 
6 
6 
6 
6 
6 
6 
2 
2 
2 
2 
2 
2 
6 
6 
6 
6 

Fracture Energy 
KJrn2 
24.3" 
5.7" 

24.3' 
5.7* 
5.4 
5.4 
4.9 
6.0 

25.5** 
6.0" 
6.1 
5.8 
34.0 
5.2" 
9.7" 
2.8" 
8.7* 

2.8** 

Test Group 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

*Avg. of 5 tests **Avg. of 3 tests 
0 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 ftactographic 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 fiacture 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 Wher suggests that both were brittle failures. 



Microscopic View -- Using Scanning Electron Microscope 

The scanning electron microscopy &age 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 fiom 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 fiactographic examination of the TR130-T08-072200 six-inch pipe that 
failed during field pressure testing in Boston and during Dart tests at -1 8C in laboratory tests of 
specimens cut fkom the same pipe indicates brittle failure in some pipe manufactured fkom TR 
130 on a single production line on July 22,2000. 



Figure 2. Top - 2 4  showing fractured surface of field failure of 6-inch pipe TR130-7 
Bottom - 2B, showing fractured surface of Dart specimens cut from above I 



Figure 3A. 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. 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. lOOOX . . 

Fimre 3C. Scanning electron - 
microscopy image of fractured 
surface of TR130-TO8 6-inch 
pipe that failed during pressure - - 
testing, but taken away fi-om the 
origin site where crack is 
"running". lOOOX 



Discussion 

Chevron Phillips has conducted Dart tests on specimens cut 

Figure 4A. Fractured surface of 
Dart specimen of TR130-TO8 
cut fkom 6-inch pipe and tested 
at -18C. 12X 

Figure 4B. Fractured surface of 
D& specimen TR130-TO8 cut 
fi-om 6-inch pipe and tested at - 
18C. 
lOOOX 

From 2-inch, 4-inch and 6-inch 
diameter pipes and tested them from room temperature to -40C. some six-inch pipe made with 
TR130 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 fiom 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 TRl3O 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 
M e r  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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Standard Specification for 
Therrnoplestic . . Gas-Pressure . . pipe, Tubing, and Fittings' 

- 
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. 1. Scope 
1.1 This specification coven requirements and tcst 

nethods for material (see ~ p p e n d i x  XI) dimensions and 
rolerances, hydrostatic burst strength, chemical resisrancc. 
and impacr resistance of plastic pipe, tubing. and f in inp for 
use in gas mains and services for direct burial and reliner 
applications. Tine annexes provide specific requiremenu and 
lest met'nods for each of the materids currently approved. If 
and when additional materials are available, specific annex 
requirements will be added. The pipe, rubing, and fitting 
covered bv this specification are intended for use in the - distribution of natural gas. Use of polyethylene systems with 
liquefied petroleum gas is covered in Appendix X2. 

1.1.1 This specification does not cover threaded pipe. 
Design considerations are discussed in ~ p p e n d i x  XZ- In- 
plan1 quality control programs are specified in Annexes A3 
and A4. 

1.2 The text of this specification references notes, foot- 
notes, and appendixes which provide explanatory material. 
~ h e s e  notes and footnotes (excluding those in tables and 
figures) shdl not be considered as requirements of the 
specifitxrion. 

1.3 The values stated in inch-pound units are to be 
regarded u the standard. The vzlues given in parentheses are 
provided far information purposes only. 

1.4 The iollowing is an index of the annexes and appen- 
dixes in this specifiuuon: 

A n n a  S u b j a  
A l Polyetbyicnc (PE) Pipc. Tubing and Fininp 
A: Poly (Vinyl Chloride) (PVC) Pipc Tubing and Rtungc 
A3 In-Plan1 QuMy Conuol for dl macrrills up lo 12 in. 
A; In-Plan1 Q ~ a h ~ y  G n u o l  for PE malrriaLr bcrwan 14 and 24 in 
AS Pol~un~dc  (PAI Pip. T ublng and finingr 

Appcndna S u b j a  

XI  N w  Ma~crials 
X l  +gn Conddcnuon 

1.5 The following precautjonary caveat perrains only to 
rhe 1u1 mehod portion. Section 6.  of this specification. This 
standard does, nor purporl lo address all of the sa1ery 
concerns.. i /  any, nrsociared wifh i[s use. Ir is [he responsi- 
biliry of [he user of [his slandard 10 establish appropriate 
safery and henl~h pracrices and defermine the applicabiliry of 
regrrlaroty Iimirarions prior to ure. 

1 This spnfmuon is under !he j&sdicuon of A5TM Comminr. F-17 on 
Plaslic Piping Syncms and u the dxza  rcsponsibili~y ofSubcomminac F17.M) on 
Gzr. 

Current &lion approved S c p ~  10. 1996. Published Novcnba 1996. Originally 
p u b i d  as D 2513 - 66. Last previous edition D 2513 - 96. -. - 

2. Xeferenced Documents 

2.1 ASTM Sfandards: 
2.1.1 ' Terminologyr 
D 1600 Terminology for Abbreviated Terms Relaring to 

Plastics2 
F 4 12 Terminology Relating to Plastic Piping S y s i c m s 3  
2.1.2 Test Methods for: 
D 543 Resistance of Plastics to Chemical Reagents' 
D 638 Tensile Properties of Plastics' 
D 1598 Time-to-Failure of Plasuc Pipe Under Constant 

Internal Pressure3 
D 1599 Shon-Time Hydraulic Failure Pressure of Plasric 

Pipe, Tubing, and Fittings3 
D 2 1 2  Determining Dimensions of Thermoplastic Pipe 

and Fittings3 
D2290 Apparent Tensile Strengrh of Ring or Tubular 

P l a s h  and Reinforced Plastics by Split Disk Method4 
D2837 Obtaining Hydrostatic Design Basis for Thermo- 

plastic Pipe Materials2 
7.1.4 Pracrices for 
D 6 18 Conditioning Plasu-cs and Electrical Insulating Ma- 

terials for Testing2 
D 1898 Sampling of Plastics' 
D 2657 HeatJoining Polyolefin Pipc and FittingsJ 
D 2774 Underground Installation of Thermoplastic Pres- 

sure Piping3 
F 699 Accelerated Condidoning of Polybutylene Pipe a i d  

Tubing for Subsequent Quality Control Testing3 
2.2 A,\SI Standards: . 
B 16.40 Manually Operated Thermoplastic Gas Shutoffs 

and Valves in Gas Disuibution Systcmd 
B3 1.8 Gas Transmission and Distribution Piping Sysicds' 
2.3 Federal Spec@carions: 
Fed. Std. No. 123 Marking for Shipment (Civil ~ g c n c i e j ) ~  
OPS Pan 192 Title 49, Code of Federal Rcgularions6 
2.4 Military Standards: 
MIL-STD-129 Marking for Shipment and Storage6 
MIL-STD-1235 (ORD) Single- and Multi-Level Contin- 

uous Sampling Procedures and T a b l a  for inspection by 
Attributes 

2.5 Oiher Documenrs: 

Annul Book oJASTM Sfandardr. Vol 08.01. 
J Annul Boak of ASTM Standards. VoI 08.04. 

Annul Bcuk oJASTM S~andardc, Val 15.03. 
' AMikblc from Amcrian National S n n W  Insunrls 1430 Brmdway. 

YorL. m Iw18. ' Avahblc from Sundardizau'on Dccumcnu Ordu Dais BldE 4 kcuon D. 
700 Robbins Avc. Philadelphia. PA 191 1 1  - 5094. A m  NB3D.S. 



TABLE 1 Outoide Diarnotaro and Tolerances for Pkdtic Pipe. in. (mm) 

T-. 
Fw M m r s n  a-d Mrurr;un O m ~ i - q m ~ s  

riorn'nal REa 0uts;be D!ame!er Tderance . 
SUE SOR 1: 

. . SOR 32.5 SGR 26 SDR 21 SDF. 13.5 
S 3 R  11 

'i4 0.MO (21.3) =O.W (=O.IM)I . . . . . . =0.015 (=Oj81) =O.COB (=0.203) 
% 1.050 (26.7) 3 . 0 0 4  (=0.102) ..- ... 10.015 (20.3Bl) =0.010 (20.254) 
1 1.31 5 (33.4) 20.005 ( f  0.127) ... ... "0.015 ( ~ 0 . 3 8 1 )  =0.010 k0.254) 
1% 1.660 (42.1) t 0 . W  ("0.127) ... ... t9.015 (r0.381) 9 . 0 1  2 l=O.XS) 
1% - 1 .900 (48.2) t 0 . M  (t0.152) , . . . ... =O.W (20.762) 20.01 2 (t0.305) 
2 2.375 (60.3) 20.006 (~0 .152)  .. ... ... 20.030 (~0 .762)  23.012 (fO.2-05) 
2?4 2.875 173.0) 20.007 (20.179) ' ... ... 20.030 (~0 .762)  =0.015 ( = 0 3 1 )  
3 3.500 (88.9) . -0.038 (20203) ... ... =0.030 (20.762) =0.015 ('0.381) 
2% 4.000 (1 01.6) r 0 . W  (33.203) ..- . . . 20.050 (=I=) tO.015 (20.381) 

4500  (114.3) ~ 0 . 0 0 9  (t0-229) ... ... . =0.050 (5325)  e0.015 (20.381) 
t 
4 5.563 (141.3) =O.OlO (20.254) ... . . . 20.050 (-+125) 20.034 (20.7E2) 
6 6.625 (1 a . 3 )  20.01 1 (20279) -c0.060 (21 -50) 20.0% (t1.37) tO.050 (21.25) ~ 0 . 0 3 5  120.8891 
e 9.625 (219.1) =0.013 (e0.330) 3 . 1 2  (23.05) "0.OEO (e.03) tO.060 ( ~ 1 5 0 )  =O.WO (21  .02) 
-13 10.750 (273.0) eo.015 (rO.2-81) ~ 0 . 1 2  (23.05) 20.1 0 (d.54) =0.070 (21.79) =0.050 (= 1.25) 
12 12.750 (323.8) &0.017 120.42) f0.14 (13.56) 20.10 (S .54)  20.070 (lt1.79) 20.050 (21 25)  

Plastic Pipe Institute: TR-3, Policies and Procedures for 
Developing Recommended Hydrostatic Design7 

Nanonal Fire Proreaion Assaciarion: NFPA 58, Srorage 
and Handling Liquefied Petroleum Gases8 

3. Terminology 
3.1 De1;nitinns-Definitions are in accordance with Tcr- 

minology F 317. .and abbreviations are in accordance uith 
Terminology V 1600, unless otherwise specified. 

3.2 The gas industrq. terminology used in this specifiwtion 
is in accordance with ANSI B31.8 or 49 CFR Pan 191. 
unless othensise indicated. 

3.3 The term pipe used herein refers to both pipe and 
rubing unless specifically stated orhenvise. 

' 

3.4 srandard ~hermoplastic material designared cod+-the 
pipe material designation code shall consist of the abbrevia- 
tion for ~Lle typc of plastic (PE, PVC, PB, or  PA) followed by 
Arabic numerals which describe the short term propenies in 
accordancz with applicable ASTM nandards, 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 nress code contains less than two figures, a zero is 
used before the number. Thus, a complere material designa- 
lion code shall consisz of two or three lcners and four figures 
for planic pipc materials. For example, PE 2406 is a grade 
P24 polyethylene with a 630 psi design stress for water a[ 
73.4.F (23.C). It should be noted that the hydrostatic design 
nrcsses lor gar may be different than those for water and are 
not used in this designation code. 

3.5 rhermoplmic pipe. dimemion r a i o  (DRJ-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 
which is derived from h e  ANSI preferred number series 
R 10. 

' P h d c  P i p  Inniluk Division of Soclc~y of h c  Planrc Indunry. Inc.. 355 
Zuingioo Avcnuc. Nerv York. NY 10017. 

'National fire h o l d o n  Anodadon. 470 Allantic Avenue. Bonon. 
hlAD2210. . 

3.6 foe-in-a small reduction of the outside diameter a1 
the cut end of a length of thermoplastic pipe. 

4. Materials 
4.1 General-The plastic used KO make pipe, tubing, and 

fittings shall k virgin plastic or  reworked plastic (see 4 . 3  as 
specified in the Annexes and shall have a PPI recommended 
%-term h.udrostatic sues. mring. 

4.2 Re~*ork-;tfa~ria~-~le3n rework material of thc same 
cnmmerEial de?GnatidF gtncrated from the manufacturer's 
;wn p ~ p e  and fittlng productioq.may be used by the same 

'manufacturer as long as Ih(. p l a  rubine.-anhliulng pro- 
'duced meet all the requiremenu of thts specification. 

~ T E  I - R e f c i z n ~  and material descriptions for ABS. CAB. PB. 
Pm306. PE3306 and PEjJO6 have k e n  rcmoved from D 3 13. 
Elirninalion of thtsc materids docs not f l c n  thc pipclina h a t  arc in 
nnia. They cm nill bc uwd for pas distribuuon. Thc mmn reason for 
rcmowng thcsc matcriak from rhis n a n M  is lo r c f l m  rhc current s u ~ c  
of the aii in gas dkuibuuon p l m c  piping. 

5. Requirements 
5.1 General-See the annexes for specific. product re- 

quirements in addiuon to the follouing. Pipe and tubing 
may be supplied in either coils o i  straight length;. Any p i p  
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, o r  other injurious 
defects. The pipe, tubing, and fittings shall be as uniform as 
commercially practicable in color, opacity. density, and 
other physical properties. 

5.3 Pipe and Tubing Dimensions and Toleranc~s: 
5.3.1 Dimension-The dimensions shall be specified by 

wall rhickncss and outside diameter. 
5.3.1.1 Diamefers-The outside diameter shall meet the 

requirements given in Tables 1 or 2 when measured in 
accordance with 6.5. 

5.3.1.2 Toe-In-When measured in accordance uith 
6.5.1.1, the outside diameter at the cut end of the pipe shall 
not be more than 1.5 % smaller than [he undistoned outside 
diameter. Measuremcm of the undistoned outside diameter 



TABLE 2 plastic Tubing-Diemetan. Wall fhi&mness, and TABLE 3 W311 Thicknos~oo and Toletancsr lor Plasbc Pipe. ~c. 
Tderenws.  in, (mm) (rnm)& a - 

Mn-unum Wal ~tcrmnal 
Nm oucsda ;D)acancP ~hr?rrwss FW sue DRC ummran i w e n c e  
Tubng 

cjza (ms) -rsr .. Tderarrca (IPS) 
0.375 (9.52) k0.004 (s .10) 0.~82 1158) M - ~ 0 6  1-0.W ln 

D 0.W (1.551 -0.W7 (-C.1781 . 
Va 0.5W (127) t 0 . W  (9.10) 0.062 (1.58) - +O.W (+0.15) 11.0 0.076 (1.931 +O.M (+0.281 
*& 0.625 (15.9) ~0.004 (t0.10) 0.052 (1.W +O.D06 (+0.15) 9 . 3  0.090 (2.23) -0.01 1 (-0.273) 
-& 0 . m  (1 5.91 zo.oc-4 (50.1 o) o.ow (2271 + o . m  ci0.231 
lh 0.625 (15.9) t 0 . W  (t0.10) O.1M (2.M) +0.010 (+0.25i Ya D 0.090 (223) ~0.011 (+0.2791 

r. 0.875 ( u s )  t 0 . m  (to.10) 0.062 [I 9) +O.W (+0.15) 11.0 0.095 (2.411 +O.011 (+0.279) 
V. 0.875 (222) +O.W (M.10) 0.077 (1.95) . cO.008 (c0201 Sb, 40 0.113 (2.87) 4 .01  1 (+0.3561 

0.875 (222) z 0 . W  (*0.10) 0.040 82n +O.W 1+0.3) 
1 1.125 (28.6) 10.005 (*0.13) 0.062 (1.58) +O.W7 (+0.18) 1 D - 0.090 (2.29) ~0.011 1+0.279) 

1 1.125 (28.6) O.W5 (20.13) 0.090 (227) +0.011 [+0.281 13.5 XC97 (2.16) ~0.012 14.305) 
1 1.125 (28.6) -L0.005 (f0.13) 0.099 (251) +0.012 (t0.31) 11.0 0.119 (3.02) r0.01 J (+0.356) 
1 1.125 (28.6) t0.005 (20.13) 0.101 (2.56) i-O.012 (+0.31) 9.9 0.133 (3.38) +0.016 (+O 405) 
1 1.125 (28.6) ~0.005 (r10.13) 0.121 (3.07) +0.015 (+0.38) 9.33 0.140 (156) -0.017 l+O 432) 
I;. 1.375 (34.9) 20.005 (k0.13) 0 . M  (1.58) +0.007 (+0.18) 
I *  1.375 (34.9) ~ 0 . 0 ~ 5  b0.13) 0.090 (2271 .+0.01 1 (+0281 I % 

D 0.090 (229) -0.01 1 (c0.278) 
I 1. 1.375 (34.9) +O.W5 (r0.13) 0.121 (3.07) +0.015 14.38) 17.0 0.098 (2.49) +0.012 (+0.305) 
1 1.875 (47.6) kO.DQ6 (M.15) 0.062 (1.58) +O.W7 (+0.181 135 0.123 (3.12) +0.015 (+0.381) 

Scn M 0.140 (3.56) +o.oi7 (+o .w)  
11.0 0.151 13.80 c0.018 (+0.457) 

shall be made no closer than 1.5 pipe diameters or 1 1.8 in. 
(300 mm), whichever dimnce is less, from the cut end of the 
pipe. Undistoned ouuide diameter shall meet specifications 
on Table 1 or 2. 

5.3.1.3 Wall Thickness-The wall thickness shall be as 
specified in Tables 2 or 3 when measured in accordance with 
6.5.1.3. The minimum wall thichess at  any point of 
musurement shall be not less than the minimum wall 
zhickness specified in Tables 2 or  3. 

5.3.1.4 Wall Thicknes Ecce~r ic i ry  Range-The wall 
thickness eccentricity range shall be within 12 % when 
measured in accor&nce with 6.5.1.3. 

5.3.1.5 Oval i fpThe ovalily (cross section) of the pipe 
shall not exceed 5 W when measured in accordance with 
6.5.3. Measurements on coiled pipe shall be made on a 
sample cut from b e  coil. 

NOTE 2-Other faaon. that is, instdlation cornpadon. suu'c soil 
loading. and dynamic vehicular loads may incnase thc ~ Y a l i t ~  h r c -  
fox.  5 fr w i ~ ~  chosen as Lhc limit for the amount conuibutcd by 
manuhawing.  packing in-plant sroragc, and shipping For funhc: 
iniormaCon. see the l i tcratur~.~ 

:.3.1.6 Lengrh-The pipe and tubing may be supplied in 
smight lengths or coils as agced upon ksween the manu- 
facture: and  he purchaser. The length shall not bc less than 
the minimum length agreed upon when corrected to 73'F 
(X'C). 

5.3.1.7 When sizes other than those listed in Tables 1. 7. 
or 3 arc used. tolerances shall be: for ourside diameter, use 
same rolenncc of next smaller size; for wall thickness, use 
same tolerance perccnrage as shown in chc tables. 

5.3.1 Firrings-Fittings shall m e t  the requirements given 
in  the applicable Annex. 

5.4 Chemical Resismnce-The pipe, tubing. and fittings 
shzll not  increase in weight more than 0.5 % (1.0 % for 
toluene in methanol). Where the test specimen is a pipe ring, 
Ihr malerial shall nor change more than &I2 % in apparent 

tensile yield strengrh whcn measured in accbrdance with 6.9. 
Where the 1 s t  specimen is a plaque, the material shall not 
change more than a12 B in tensile strength at yield when 
measured in accordance with Test Method D 638. Sce 
Annex A5 for specific requirements for polyamide pipe. 

NOTE 3-This pipe/tubing rcn is only a n  indicalion of what will 
happen as a raull  of shon term CX~OSUI-C ID lhesc chemicals For long- 
tcrm rcsulu. addiuonal luting is r e q u i d .  

5.5 Suslained Pressure-The pipe. tubing. fittings. or 
'Mman. W. B.. 'Emhlaadrng X g n  Cnnsiduauoru for Polyethylene Gas SyStcmS not fail as defined in -rest D 1598, Dinnbulion Sys~erns' Procredinp u/ rht Fi/lh Plarrrc Pipe  S.vrnpo~rum. Nov. 

13-15. 1974. Hounoo. TX. A.G.A.. I S I S  W i k n  B I V ~ . .  Adinpon. VA 22209. p. when tcszed in accordance with 6.6. 
55-71- 5.6 Elevared Temperamre Service-Plasric piping mate- 



rials inlended for w a1 rempcrarures above 100'F (38'C) 
shall have the PPI recommended hydrostatic design basis 
[HDB) determined at the specific temperature in accordance 
with Tcst Method D 2837. The 100 000-h interccpr (long- 
term strength) shall be categorized in accordance with Table 
4 and be lined as the "hydrosmric design basis o r  XXX psi at 
XXX 'F (C) for (compound name)." 

XOTE &Many design faaon for elenled rcmperature service 
cannot be covered in this spcciliaion. Uscn should consult appl~cablc 
coda for limirations on pcnincnr maximum tcmpcrarurs. . 

NOTE 5-In the abwnce of n HDB arablkhcd at Lhc spxificd 
rempcrature,. the HDB of a higher tcmpcratun may k u x d  in 

5.7 Minimum Hydrosra~ic Bzrsr Pressure-The burs; rc- 
qu~mn;m+sfor pla.@c p i p  snd.tubing shall be as given in the 
.rppropriatt a n n a p  

.~lmurn % . i ~ ~ a r ~ n + ~ ~ i l e  Srrengrh .4r Yield-Thc mi-' 
aupZrenr lensilr men* ar lield for piasuc pipe and rubing 

.!even in the annex& when de~cnnineri in accordance 
wirh 6%. 

5.9 Joinrs: 
5.9.1 Solvent Cemented-Joinrs of -sohen: crmentable 

pipe and fining shall be made in acccrdsncc with the us=rms 
wrirttn procedure. 

5.9.2 Heal Fusion: 
5.9.2.1 Heat fusion joints of thermoplasric pipe and 

firtings shall be made in accorchnc: with Pmt ice  D 2057 
and the user's w n m n  procedure. 

5.9.1.2 PE butt fusion joining shall be be~ween compo- 
nents (pipes, fittings, or valves) having the same SDR or DR. 
Butt fusion between unlike SDR or DR components shall be 
allowed only if it has been demonsrrated that long term 
performance is not adversely affected. The minimum re- 
quirement to demonstra~e long term performance shall be 
the validation procedure for PE in Test Method D 2837. The 
Hydrosntic Deign Basis Category (HDBC) of the PE 
material shall be validated using specimens containing but1 
fusion joints resulting from different SDR's or DR's (pipel 
pipe joints of the given PE mateiid that pass shall validale 
pipe/pipe, pipe/fitting, or fitting/firting joinis of the same 
SDR ratio ior that PE material). 
5.9.3 m mechanical-Mechanical fittings shall be installed 

in accordance with h e  user's written procedures and the 
fitung manufacrurcr's recommended installation instruc- 
tions. The joint shall be teslcd in accordance with the specific 
design ategory as outlined in 6.10. 

5-10 Plasric Yalves-,411 plastic gas valves shall meet the 
requiremenu of ANSI Stmdard B 16.40. 

6. Test Methods 

6.1 General-The test methods in this specification cover 
plvtic pipe, tubing. and fittings to be used for gas distribu- 
tion. Test methods that are applicable from other specifica- 
tions will be reierenced in the pan-gaph pertaining 10 that 
panicular res. 

6.7 Sampling-Take a sample of the pipe, tubing. and 
fittings sufficient to detennine conformance with this speci- 
fication. About 40 fi (12 m) of pipe or  tubing is required to 
make all the t u u  prescribed. The number of fittings required 
varies, depending upon the size and tyjx of fitting. It is 
suggested that a sampling plan be agreed upon by the 
purchaser and the manufacrurcr (set Practice D 1898). 

6.2.1 Pipe Test Specimem-Not less than 50 % of the tesl 
specimens required for any pressure test shall have at least a 
pan 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 Condirioning-Unless othenvisc specified, condition 
the specimens prior to rest at 73.4 -C 3.6.F (23 & 2'C) and 50 

' 

1-1 5 5% relative humidity for not less than 40 h, in accordance 
with Procedure A of Practice D 6 18 for those tesE where 
conditioning is required and in all cases of disgrecment. 



6.4 T e ~ r  Condi~ions--Conduct the ten in the snndard 
laboratory aunosphere of i3.4 = 3.6.F (2 j = 2.C) and 50 
5 % reiauve humidity, ~n less  o t h e h  specified. 

- 6.5 Dimemiom and Tolerances: '- . 
. 6.5.1 Pipe and Tubing-Any length of pipe or tubing may 
& to determine the  dimcnsioas. Coiled pipe shall k 
measured in the natural springback cond$n, unless speci- 
ked o t h ~ d .  

6.5.1.1 Diamner-Musure the diarnerer of the pipe or 
tubing in accordance with Tcn Merhod B .2 122. The average 
owside diameter for nonroundable p$c is the arithmetic 
average of the maximum and minimum aiametm at any 
cross section on b e  length of the pipe. For roundable pipe 
the tolerances for out-of-roundness shall apply to meanue- 
menu made &er the  pi^ is rounded with the manufactur- 
er's recommended equipment. See Test Method D 2 122 for 
definitions of nonroundable and roundable pipe. 

6.5.1.7 Wall Thidcness-Make a minimum of six mca- 
surcmenrs at each cross section in accordance with Test 
Method D 2122. 

6.5.1.3 Wall Thickness Eccen~riciry Range-Measure in a 
manner such that the maximum, A, and the minimum, 8, 
wall t h i c h m  at singie points of each croa section measured 
x e  obtained. Calculate the wall thickness cccenuicity range. 

I E, in percent for u c h  cross senion as foUows: 

E = [(A - B)/A] x 100 (1 )  

6.5.1.4 Lengrh-Measurt pipe or tubing lengrh and other 
linear dimensions with a net1 tape or other del/ice, accurate 
to f 1/32 in. ( t l  mm) in 10 ft (3 m). 

6.5.2 Fifrings-Mezsure the dimensions of fittings in 
: accordmce with Test Mehod D 1122. 

6.5.3 Ovaliry: 
6.5.3.1 Rpparafu-A micrometer or vernier caliper accu- 

rate to within f0.001 in. (k0.02 mm). 
6.5.3.2 Procedure-Take a series of outside diameter 

(OD) ncasuiemenrs at closely spaced intervais around the 
circumf:rence to ensure that the minimum and maximum 
dianeters have been determined. 

6.5.3-3 Calruiafion-Calculate the percent ovality as fol- 
lows: 

maximum OD - minimum OD 200 ' 
E ovality = (1) 

minimum OD + maximum OD 

6.6 Susra!ned Pressure Tea: 
6.6.1 Select six test specimens of pipe. tubing. or fittings at 

random. condition at the nandard laboratory tea tempera- 
ture and humidity. and pressure test in accordance with Ten 
Merhod D 1598. 

6.6.1.1 Test specimens shall be prepared so that the 
minimum length of pipe on each side ofthe fining is equal 10 
5 times the diameter of the pipe but in no c a x  less than I2 
in. (304 mrn) for sizes less than 6 in. For sizes 6 in. and 
larger. the minimum length shall be equal to 3 times 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 IOO'F (38'C) and 
higher shall be tested at both 73'F (23'C) and the maximum 
design tcmperarure. The test fiber stress shall be the hydro- 

szatic design basis (HDB) or 80 '% of thz 100 NO-h InrerccPp: 
of h e  snarerial. whicncvcr is gate:. 

NOTE 6-.&r. mahanc, or nluogcn may bc subsu:ured lor u a r r  3 
rhc  medium. 

6.6.2 Maintaio the s ~ e m e n s  at the pressures required. 
held to 1 1 0  psi (0.07 MPa), for a period of 1000 h at h e  ten 
temperature k3.6'F (ET) as specified in 6.6.1. 

6.6.3 Failure of two of the six specimens tested shall 
constitute failure in 'the test. Failure of one of the SIX 

specimens m e d  is cause for retest of six addizional speci- 
mens. Failure of one of the six specimens in ~ t e s t  shzll 
consitutc f d u r e  in the IS. Evidence of failure oi  the pipc 
shdl be as defined in Test Merhod D 1598. 

6.7 Minimum Hydrostalic Burst Pressure (Quick Bursll- 
The test t q u i p m c n ~  procedures. and failux dcfiniuons shall 
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 u.al1 
thickness, outside diameter, and the applicable fiber strcls). 
whichever is greater. 

6.8 Apparenf Tensile Prpnerries-The proccdurc and test 
equipment shall be as specified in Tcst Method D 2190. 
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 1/z in. (12.7 mm] wide u<th a '/'An. (6.3-mm) wide 
reduced section. T e a  a minimum of five specimens. This 
method is applicable to all pipe and tubing of nominal 'h-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 shdl be a ring 1- in. SDR 
11 pipe cut to the ring dimensions specified in 6.8. For 
materials that are'not readily available as 2 in. SDR 1 1 pipe, 
the ten specimen shall be a plaque of material '/A by 2 by 4 
in. (6.3 by 50.8 by 101.6 mm) with a 1 in. (15.4 rnm) wide 
reduced seaion. 

Chemicals t o n s z n ~ i u o n  (70 by volume) 
hiincnl oil (USP) 100 
TcniYy-bu~l mauptan 5 in mined oJ 
Anufrrnr: agcnu In lcln one shall bc 11.41: 

Mchnol. or 100 
Ethylene glycol 100 

Toluene I5 in rnc~hanol 

Test five specimens with a c h  chemical. Weigh the speci- 
mens tc 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 c lan  dry cloth. Condition in air for 2 
to 2% h and reweigh. Calculate the increase in weight to the 
nearest 0.01 % on the basis of initial weight. Ten the 
specimen in tension in accordance with 6.8 within V.2 h after 
weighing. Examine the weight and apparent rensile strength 
of each specimen for conformance to the requirement in 5.4. 

NOTE 7--Caution: Becaw of h e  possible loxicity of ~ h c v  rcagcnrs. 
d m  10 Ihc Malerial Safety Data Shcc; on each of thcx reagents b c r o ~  
using or handling Ihcm. 

6.10 Caregoriza~ion of Merhaniral Joinrs-The following 
test methods provide a uniform procedure for qualification 
or categorization of mechanical jo ins  using shon term 
pullout resistance tests and burst tests. The mechanical join1 
categories and test methods are as follows: 

6.10.1 Caregory 1-A mechanical joint design that pro- 



vides a std plus a resinance to z force on the pipe end equal 
to or greater than that which will -use a permanent 
defomauon of the pipe or rubing. 

6.10.1.1 The appararus and repon shall be as specified in 
Ten  Method D 638. The t en  shall be conducted a t  ambienr 
temperatures, that is, 67 r IO'F (1 9.4 z 5.6.C). i h e  speed of 
the testing shall be 0.2 in. (5 mm)/min I 25 %. five 
specimens shall be prepared- followQg" rl;le manufanurer's 
published innallation instructions. Len+ of @e specimens 
shall be such that the unreinforced d i s t ~ i c e  beween the ~p 
of the apparatus and the end of the stiffene; 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. 

6.10.1.3 Results obtained from the above method perrain 
only to the specific ourside diameter, wall thickness, and 

- compound of the piping o r  rubing used in the test and 
- specific fitung design tested; 

Norr 8-Ti: abi!ity lo rtnrain pipe or tubing to  iu yield as swci icd  
above docs not guarantee that a properly insdcd  joint will prcvent 
pullout under anual  long-term field conditions. Joinu that cannot parr 
I& t m  would be cxpeclcd to pullout undc: ac tud  long rcnn field 
:ondiuons. T o  da~c ,  rhk ra: is the bes; available for disqualifjing 
unsound joinu. 

6.10.1 Calegorf 2-A mechanical joint design that prG 
vides a seal only (see Appendix X1.5.5). A mechanical joint 
designed for this ategory excludes any provisions in the 
design or insridlation of the joint to resist any axial pullou: 
forcts; therefore, tensile rests are not required. 

6.10.2.1 The test assembly shall meet the burst test 
requirerncnls of 5.7 when tested in accordance with T ~ S I  
Method D 1599 with end closures designed in accordance 
with Test Merhod D 1599. 

6.10.3 Caregory 3-A mechanical joint design that pro- 
vides a seal plus a pipe renraint rating equivalent to the 
anticipated thermal stresses occurring in a pipeline (see 
Appendix X2.1). This category has a manufacturer's nted 
pipe end resrrair,~ less than the value required to yield the 
pipe u outlined in 6.10.1 (Category 1). 

6.10.3.1 The procedures and testing shall be the u m e  as 
outlined in 6.19.1 (Gregory I )  except h e  test tensile values 
shall n e t t  the rated values published by the mechanical 
fining manufacturer. 

7. Marking 
7.1 Pip--411 required m;irjiing shall be lcgble. visible. 

and pe~manent. T o  ensure permanence. marking shail tx 
applied so ir c tn  only be rcmovd by p h y s ~ d l y  removing 
pan of the pipe wall. The marking skill (1) not reauc: the 
d l  rhickness 10 less than th: r~ in imum ~ l u e  for the pipe. 
(2) not have any effect on the-long-tern strenph of the plpe. 
and (3) not provide l h g e  channels when elastomeric 
w k e t  compression fittings arc used to make t h e  joints. 
These marking shall consin of the word GAS. the daipna- 
tion ASTM D 25 13. the manufacturcr's name or traaemuk, 
the normal pipe size including the sizing system used (IPS. 
CTS, or  OD). DR o r  minimum wall hicknen. material 
designation, and date of manufacture. 

7.1.1 In addition to 7.1, the pipe marking shall include a 
coding thar will enable the .manufanurer to determine the 
location of manufacture,  pi^ production and resin lots, and 
any additional information which may be agiced upon 
between the manufacturer and purchaser. The manufacturer 
shall mzintain such records for fifry years or  for the design 
senice life of the pipe, whichever is longer. 

7.1.2 A11 the markings in 7.1 and 7.1.1 shall be repeared at  
intervals not exceeding 5 ft (1.5 m). For indented printing. 
either the indented print line shall be in a color that contram 
with that ofithe pipc, or a separste print line (that may be 
non-permanent) shall be in a color that contrasu with the 
pipe. See Annexes A I and A?. for possible additional specific 
marking requirements. 

7.2 Pipe intended for natural gas service at elevated 
temperatures gra ter  than 73'F (23'C) shall t>c marked with 
additional code letters from Table 4 (the fint code letter to 
identify the tempenture of pressure rating, the second code 
lerter to identify HDB at highest recommended tempenture. 
and the third code letter to identify the melt index). 

7.3 Firrings-Fittings 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 25 13. 

8. Quality Assurnnce 
8.1 When the product is marked with this designation. 

D 3 13, the manufacturer affirms h a t  the product WZ 

manufactured, inspected, sampled, and tested in accordance 
with this specification and has been found to meet the 
requirements of ?hi; specification. 

TABLE 4 Pipe Category 

Category 
R~perrl Test Merrod 

A 8 C 0 E F G 

T e n v e ~ t u r a .  ... lW(38) 12q49) 1 Ag(60) 16'wl) l w z )  ... ... 
.F (-0 

HydrnsmW D 2837 4W2.8) 5OCt3.4) 63q4.3) @of%sl 1 W 6 . 9 )  125q8.6) 1600(11.0) 
desrgn MSIS. 
psi (MPa) 

Me!! WX D 1238 , >O.5 0.2- !: 5 0.01-0.3 4 . 0 1  A . . . ... ... 

EzJmpW: COB - At 140.F (W'C) ma HDB n 800 psl(5.5 MPa) Ths approrunate d t  indax range is 0.2 to 0.5 g/10 min Icf trus PE pipe. 
DF - A1 1609F (71'C) ma HDB is 1250 pu (8.6 MPal. A n d t  mdex ranga is MI glvm for m P E  malai-ials. 



These requirements apply,oniy to federdlmiiirary procurcm:nr, not domaric d e s  or transfers. - 
S 1. Rcsponsibiliry/or Inrpeczion-Unless otherwix sped- 

fied in tht conrracr or purchase order. the producer is 
-sr re- responsible for performance of all inspenion and t- 

quiremcnts specified herein. The produqr -may use his own 
or any orher suirable facilities for the performane of the 
inspection and test requiremenu specified herein. unless the 
purchzer disapproves. The purchaser shall have the right to 
perform any of the inspenions and tesu set fonh in this 
specificauon where such inspections are d w m d  necessary to 
ecsure h a t  material coniorms to prescribed requirements. 

NOTE S1-ln U.S. federal contracu. the conmaor is rcsponsiblc Tor 
inspeaion. 

52. Packaging and Marking for U.S. govern men^ Procure- 
menl: 

S2.1 Pachging-UnIs othemise specified in th: con- 
tract, the materials shall be packaged in accordance with tn: 
supplier's srandard practices in a manner ensuring amval ai 
destination in satisfacrory condition and which uill be 
acceptable to the carrier ar lowen rates. Conrainen and 
packing shall comply with Uniform Freight Clxsificmon 
rules or National Motor Freig!!~ Classification rules. 

S2.2 Marking-Marking for shipment shall be in accor- 
dance ;n'th Fed. Std. No. 123 for civil agencies and MIL- 
STD 129 for military agencies. 

NOTE SZ-Thc inclusion of US. Govcrnrncnt procuremen1 mum- 
men= should not bc connrud as an i n d i u ~ i o n  :hat the US. Govern- 
ment uws or e n d o w  thc producu dcwnbcd in this spccificallon. 

ANNEXES 

(Mandatory Information) 

A l .  SUPPLEMEhTAL REQUIREMENTS FOR G S  PRESSURE PIPE, TUBING, AND FITTINGS 
PRODUCED FROM POLYETHYLENE (PE) MATERIAL 

L X1.1 Scope D 3350 Polyerhylene Plaszic Pipe and Fining hlatcrials' 

Al.l. This annex covers requiremenu for PE pipe, F 1055 Specification for Electrofusion Type Polyethylene 

tubing. and fittings. These rquirements are in addition to Fittings for Outside Diameter Controiled Polyethylene 
rhose in the main body of this specification. Pipe and TubingJ 

NOTE A I . 1 - ~ U Y  Table I .  which covcn nominal pipe s i z s  up lo 
12 in. is in thc body ofthis sptcification, and Table A1.3 is in Annex Al. 
she user should k awarc of h e  larger rolcrantr allowcd rhc laqcr pipc. 

A1.2 :Referenced Documents 

A 1.2.1 ASTM S~andards: 
A 1.2.1.1 Tesf Methods Joc 
D 1238 Row Rate of Thermoplastics by Extrusion Plas- 

tometen' 
,A&?. : ~ A T g z i f i m t i o n  for- 

D 1248 Polge~hylene Ylastics Molding and Exrruswn 
Malerial3 

DZbU, bockel-Type Polyethylene Fittings for Outside 
Diameter-Controlled Polyethylene Pipe and Tubing' 

D3261 Butt Heat Fusion Polycrhylene (PE) Plastic Fit. 
rings for Polyethylene (PE) Plastic Pipe and Tubing: 

TABLE A l . l  Specification D 3350 Cell Classifications of 
, Polyethylane Pipe Tubing and Fm'ngs Materials 

PE Marsrrsl Darrpnntron Code: PE2406 PE3408 
Physrcnl Propdrtk: 

-v 2 3 
Men i M e x  , 1.2. u . 3  . 3.4. a- 5 
Flexurai modulus 3 - 4  41x5 
Tensib suengrh 3 ~ 4  4 ~ 5 .  
Enviciunen~a! stress 3 . . 3 

cradc resntana, 
Hydmsmbc dewn bass . 3 4 

41 3 Materials 
A 1.3.1 Clarsificarion-Poiyelhylene mmerials suirable for 

use in the manufacture of pipe, tubing. and fining under 
 his swcification chdl be clmified in accordance with 
S~ecifimuon D ~1350.\and ac shown in Table Al. 1. Exampic 
roha mlvemycn: marenal hawng an HUBJOT 1250 psi (8.6 
Ml-a), Cell Class 3r&ebase resin derkiiy- must ha!? a cell 
classification of Z or 3; the melt index c!sifimaion must be 
1, 2. 3, 4, 5, or 6; etc. 

A1.3.1 Shorr and Long Term Properties-Polyethylene 
pipe, rub& ~d firrings shall be made from PE marerials 
whic&so samrv nhc combinations of shon- and long-lerm 
propeny requlrcments shown in Table A 1.2. 

A.1.3.3 & & m a r i c  &ximJasis Subsrantinlion-The 
HLD farEE rnatcrialsl~or transpon 01 naruru gas or other 
Iucl gas at 13-r ( 2 3 ' ~ )  =hall be ~ u a t c d ' h v  addiiQml 
long-~ermspcss ru_pturc testing at 140'F (60'C) with riatural 

y  TAB^ A1.2 Short and Long T e n  Property Rsqulremenb 
- . 

PE Materid Shon-Tm W T -  
Dsslgnation Code in AaotdeKd in AomrdaKs 

wm D 1248 wim ~ ~ 2 1 x 7 ~  

. PE24M Gram P 24 HDB of 1250 psi I r x  73'f 
PE 3908 Gram P 3 HDB ot 1M)O psi lor 73'F 

T h e  hydrostauc aesqn &I& (HOB) man w eslaDLsned u q  walw U 

Mtural gas as me pressunung fluid. . 



f ABLE Al."Jutaide Diameters end Tobrancar, 14 In. and 
larger Pipe 

NDNnal 
kn!4 chmio.3 DierWlrso. In. (rn) 

Rce Slzs Avaraps T V  

14 l 4 . W  (555.6) d.p83.(-Cl .a) 
16 1 6 . m  (406.4) +0.072 It1 .El) 
18 1 e . m  (45723 . to.c#1(=2.w) 
20 20.WO (508.0) =O.D90 (923) 
22 22.W (558.8) ~ 0 . 0 9 9  ( 9 . 5 1 )  
24 24.000 lEO9.6) ~ 0 . 1 0 8  l9 .74 )  

gas or other fuel gas. The data are evduated i n  accordance 
with the require men^ of Test Method D 2837 wirh the 
100 000-h intercept not less than 600 psi. Water may be 
used where previous tests have shown that these require- 
menu can be met. 
. A1.3.4 ~ d d i r i v e  Classes-PE materials shall be either 

R w i r h i o x i d n a  t and UV sczbilierr 6.;C as defined 
. in Specification O 1748,;or C l a s s  . C . .  or E"Hs defined in 

Specificarinn Q 3355: 

X1.4 Fittings 
A 1.4.1 PE fining intended for use with the corrsponding 

s~zed ounide-diameter PE pipe shall meet the requiremenu 
of Spedfiation D 2683 for socket-type fittings, Specification 
D 3261 for butt-type fittings, or Specification F 1055 for 
eltc?roiusion-type fittings and the requirements of this spec- 
ification. 

X1.5 Requirements for Pipe and Fittings - 

X 1.5.1 Condirioning-For those tests where conditioning 
is required or unless otherwise specified, condition Lhe 
specimens prior to testing for a minimum of 1 h in water or 
4 h in air at 73.4 k 3.6'F (23 -L 2'C) or  in accordance with 
6.3. The conditioning requirements of 6.3 shall be used in all 
cases of disigreement. 

A1.5.1 ,timimum Hydrosfar~c Bursf PressureApparenf 
Tensile Strengfh (Quick Burslj-The pipe or system shall fail 
in a ductile manner when tes~ed in accordance with Tesr 
Method D 1599. For pipe sizes above 4-in. nominal diam- 
eter. the quick burst test (Test Method D 1599) may be 
replaced by the apparent ring tensile strength test (Test 
Method D 27-90). The minimum apparent tensile strength at 
yield when determined in accordance with 6.8 shall be 2520 
ps; (17.4 MPa). 

.A 1.5.3 Suslrined Pressure 73'F (23.C)-The pipe or 
system shall not fail in less than 1000 h when tested in 
accordance wirh'Test Method D 1598. For PE 2406 material. 
the stress shall be 1320 psi. for PE 3408 materials, the stress 
shall be 1600 psi. 

A1.5.d .Me11 Index-Me11 index is the flow rare of PE 

material when measured in accoidanc: with Test Method 
D 1238, condition 19012.16 (formeriy Condirion E). Mate- 
rials that record zero flow under condition lgO/?. 16. should 
be measured in accordance with condition 190121.6 (for- 
merly condition F). The melt index of pipelfining shall met: 
the designated category in Table 4. The sample shall be 
reprexnrative of the cross semion of the pipe or  fining and 
diced to an appropriate size by a method not producing hwt. 
A1 3.5 Squeeze-Ofl-This requirement is limited ro p i p  

sizes, wall thicknesses, squeeze procedures. and conditions 
dccmed suitable for squeeze-off in x n i c e  by the pipc 
manufacturer. There shall be no leakage or visual endcnce of 
splitling, cracking, breaking or redcction in 1000-h susrained 
pressure category when pipc is tested as follows: 

A1.5.5.1 Prepare six randomly selected pipe specimens in 
accordance with Ten  Method D 1598 except the!: shall be 
unfilled. 

A1.5.53 The squeeze-08 shall be effected at the mid- 
point of the test specimen, 90' to the poinr of the measured 
minimum wall thickness. Close the squeeze b a n  to the p p  
stop recommended by the pipe manufacrurer and hold in 
constnint for four hours. Remove squeeze b a n  and reround 
pipe by closing squeeze ban a1 a point 90' from the squeeze 
area. 

A1.5.5.3 Immedietely upon removal of the squeeze-off 
tool. fill the specimens with room temperature water, condi- 
tion, and rest in accordance kith 6.6 

A 1.5.6 Thermal Stabilit-*The PE material shall connin 
sufficient antioxidant so that the minimum induction tem- 
perature shall be 428'F (i2O'C) when tested in accordance 
with Specifica~ion D 3350. The sample shall be represenra- 
tive of the cross section of the pipe or fittings. 

A1.5.7 Oufdoor Sforage Srabilitj-PE pipe stored out- 
doors and unprotected for at least two years from date of 
manufactureshall meet all the requirements of this specifi- 
cation. PE pipc stored outdoors for over two years from date 
of manufacture may be used if it meets the requiremenu of 
this specification. 

A 1 S.8 Dimensions and Tolerances-The outside diam- 
eter shall mcet the requiremenu in Tables 1 and 2 in the 
main body for sizes up to I2 in., or in Table A1.3 for larger 
sizes. The minimum wall thickness shall mcet the require- 
ments in Tables 2 and 3 in the main body for sizes up to 12 
in., or in Table A1.4 for larger sizes. When s i t s  other than 
those listed in these tables are used. the tolerances of the next 
lower size shall be used. 

A 1 S.9 Short Term Pressuri:ation /or Sires Above 12 
in.-Pipe and molded or fabricared fittings shall not fail . 
when tated in accordance with Tat Method D 1599 with 
the hoop suess of 2500 psi for Class 2 density materials or 
2900 psi for Class 3 density marerials, Hoop stress calcula- 

TABLE A1.4 Minimum Wall Thickness and Tolerance. 14 in. and Larger Pipe, in 

DR 15.5 

0.903 4 . 1 0 8  
1.032 M.124 
1.161 +0.139 
1290 +0.155 
1.419 +0.17D 
1.548 +0.186 

SDR 32.5 I SOR26 
sue 

SDR 21 

0.667 4 . 0 8 0  
0.762 4 . 0 9 1  
0.857 +0.103 
0.952 +0.114 
1.048 +0.126 
1 . 1 4  +1.137 

14 
16 
18 
20 
22 
24 

SDR 17 

0.824 +O.W9 
0.941 +0.113 
1.059 +0.127 
1.176 +0.141 
1294 +0.155 
1.412 +0.169 

SDR 3.3 

1.918 +0.230 . .. 
... 
. . . 
... 
. .. 

SDR 135 

1.037 +0.124 
1.185 4 . 1 4 2  
1333 +0.160 
1.481 1.0.178 
1.630 +0.196 
l . n 8  + O n 3  

0.431 +0.052 
0.492 +0.059 
0 . 5 9  +O.W 
0.615 +0.074 
0 . 6 n  +0.081 
0.738 +0.089 

0.538 +0.065 
0.615 +0.074 
0.692 4 . 0 8 3  
0.769 4 . 0 9 2  
02-46 +0.102 
0.923 r0.111 

SDR 11 

1273 +0.153 
1.455 +0.175 
1.636 +0.196 
1.818 +0218 
2.MXI +0240 
2.182 +0262 

SDR 9 

1.556 +0.187 
1.778 +0213 
2.000 4 2 4 0  

. . . 

... 

.. . 



AZ. SUPPLEMENTAL REQUIREMEPdTS FOR GAS PRESSUW PIPE TUBING, AND FITTINGS 
PRODUCED FROM POLY ( Y I h ' L  CHLORIDE) (PVC) COMPOL!DS 

22.1 Scope 
A?.!.[ This annex covers requiremenrs for PVC pipe, 

tubing. and fittings. These requirements are in zrldition to 
hose  in the main body of this specification. 

A2.1 Referenced Documents 

~ 3 . 2 .  I ASTM Srandards: 
~2.2.1.1 Spec$caions for: 
D 1734 Rigid Poly (Vinyl Chloride) (PVC) Compounds 

and Chlorinated Poly (Vinyl Chloride) (CPVC) 
Compounds' 

D2241 Poly (Vinyl Chloride) (PVC) Pressure-Rclared 
Pipe (SDR-PR)2 

D 2466 Poly (Vinyl Cnloride) (PVC) Plastic Pipe Fining. 
Schedule 402 

D2d67 Sockel Type Poly (Vinyl Chloride) (PVC) Plastic 
Fitting. Schedule 802 

D 2564 Solvent Cemencs for Poly (Vinyl Chloride) (PVC) 
Plastic Piping Synems2 

D '672 Joinu for IPS PVC Pipe Using Solvenr Cement2 
D 2?JO Poly (Vinyl Chloride) (PVC) Plastic Tubing' 
.42.2.1.:! Te~r Merhods and Pmcrices: 
D 2 157 Degrtt of Fusion of Extruded Poly (Vinyl Chlo- 

ride) (PVC) Pipe by Acetone Immersion2 
D 24 17 De~cqination.  of External Loading Properties or 

Plastic P ~ p e  by Parallel Plate Loading2 
D2414 Impacl Resistance of Thermoplastic Pipe and 

Fining by Mcans of a Tup  (Falling Weight)? 
I32855 Making Solvtnt-Cemented Joints with Poi? 

(Vinyl Chloride) (PVC) Pipe and Fitrings' 
F 402 Safe Handling and Solvent C e m e n ~  Used for 

Join~ng Thermoplastic Pipe and Fittings2 

z f n u  are specified in Speciilcauon D 7671. Fitting require- 
1i::nts are specified in Specification D 7466 for.xhedulc 40 
and Specification D 2467 for scheduIe 80. These firrings are 
in~ended for use with corresponding sized outside diameter 
pipe made from the same compound. Tine following addi- 
tional requiremenls shall also be met. 

Z.4.1.1 Flartening-There shall be no endcnce o i  split- 
ting, cracking. or braking by the specimens subjected to this 
test and perfomkd in accordance with Test Method D 2.1 12. 
FIatzen three specimens of the pipe, 2 in. (50.8 rnrn) long, 
beween parallel plates in a suitabie press until thc distance 
beween the plates is 40 R 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 to 5 min. On n m o v d  of the load. examine thc spefimcns 
for evidence of splitting, cracking. or breaking. 

A2.4. l .a fmpacr ResiJrance-The impac: resistance for 
PVC pipe shall fall within the range specified by the 
manufacturer's designated Impaa Classification Cell (IC). 
Table AZ. I lists impact ciassifimrion cell for SDR 17 and 2 1 
pipe. The impact classification rating for PVC pipe shall be 
determined in accordance with Test Mezhod D 2444 using a 
flat plare holder and 204b tup B for sizes 2 in. and less and 
304b tup B for all larger sizes. The specimens shall be 
conditioned in a mixture of ice and water at 32 to 35'F (0 10 

TABLE A2.1 Impact Requirements lor PVC Pipe st 32 to 3S0F (0 
lo 2OC) for SDR 77 and 21 Pipa 

l m ~  fl-lb! M 
C l a s ~ k a r i o n  

Sue. h. 
A 2 3  Malerials - 1 30 to 50 >50 m 65 >65 (08) 

A1.3.1 PVC pipe. tubing, and fitting shall be made from 
I *I. 

141 lo 64) (68 to 88) 
St051 >50 to 65 %5 (88) 

the follouing PVC plastics as defined in Specification 141 (68 10 88) 
D 1784. 1% *om60 %a 10 75 >75 (I 02) 

Type I. Grade I,  C l m  12454B (PVC l I )  (54 10 81) (a1 to 102) 
2 70to90 >90 to 100 . >lWIl22) . Type 1. Grade 2, Class I2454C (PVC 12) (85 to 122) . 1122 to 136) 

Type 11, Grade 1. Qass 14333D (PVC 2 1) 3 120 m la >la to 180 >im 12i.4) 

(163m19o) (140 to 24-4) 
4 IW tom >ZOO m 240 >z40 1326) -42.4 Requirements (217 to ni) (271 to 326) 

A D .  1 Rcquiremeny for plain end pipe and tubing are 6 200 ~ 2 6 0  >260 lo >3W (47) 
specified in Specificrrion D 2241. Belled end pipe require- (271 to W (353 lo 407) 

9 



? & B E  a 2  Minimum Burst Prensure Teat RFaquimrnsna for 
PVC Pipa el 73OF (23OC) 

S M  m 8-1 hsmm. fi (MPa) 

Demswm W C  1120 PVC 2110 
Rabo PIC '12M PVC-2116 

'11 1250 (8.6) llX6(6.9) ' 

13.5 1000 (6.9) am (5.5) 
17 600 (5.5) 630 (4.3) 
21 630 !431 500 (3.4) 

2-C) for 1 h (Note A2.1) and w e d  immediatel$ dn removal 
from this medium. 

h'me A2.I4hcr conditioning media such as a refrigerared fluid 
ba~\  of wartr and e*yIcn: glycol a1 32 to 35'F (0 to Z'C) for 1 h or a 
E!r',g:w~d air chamkr at 32 to 35'F (0 ro Z'C) for 4 h m a y  be uwd if 
ir u n  bc dcmonsrra~d bar quivalent rcsulls arc obtained. Howevcr. in 

of diwgrc=rncnr. thc ice waur mixture shall be used. 

- ~2.4 .1 .3  Impacf Qunlity Assurance-The impact quality 
assurance is a GO/NO GO test. Five specimens shall be 
impacted in accordance with Test Method D 244-4 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 (IC) cell. All five specimens shall pass. If one specimen 
fails, a second set of five specimens shall be rested. None of 
the second set shall fail. If nine out of the tom1 ten specimens 
pass, the lot shall be considered to have met the requirements 
of this test. 

N m  A2.2-This tcsr is intcndcd only for uw as a qualify conuol 
rar. nor Tor use a s  a sirnulatcd w ~ c e  rcsr 

A2.4.1.4 Exrrusion Qunlily-PVC pipe shall not flake or 
disintegrau when tested in accordance with the Test Method 
D 2152. 

A2.4.1.5 Ourdoor Slorage Sfabilirp-PVC pipe when 
stored outdoon unprotected for six months from the dale of 
extrusion shall meet all the requirements of this sperifica- 

tion. PVC pipe stored outdoors for over six months frsm 
dare of manufacture, may be used if ir meets the require- 
ments of this specificxion. . 

.42.4.1.0 Solvenf Cements jor PVC Sysrems-Solvent ce- 
ments for PVC pipe and fining, shall r r e s  the requirements 
of Speci f idon D 2564. 
A2.4.1.7 Marking-Impact Clvsifiwtion Cell. as deter- 

mined by the manufacturer, shall be prinred. on the plpe in 
addition to the marking requiremen& of 7.1. 

A2.4.l.8 Minimum Hydrosratic Bursr Sr rengfh/.4~pnrcn! 
Tensile Srrengrh-The minimum bunt pressure for PVC 
pipe shall be as given in Table A22  or as ulculated (using 
the actural measured minimum u-all, the actual measurcd 
average ouuide diameter, and the applicable fiber stress 
shown in Table A2.3) when determined in accordance with 
Test Method D 1599. For sizes above &in. nominal diarn- 
eter, the quick burst (Ten Method D 1599) rn3y be replaced 
by the apparent ring rensile strength test (Test Method 
D 2390). The minimum fiber stress shall be as given in Table 
A2.3. 

A2.4.1.9 Sustained Pressure 73'F (23'CI--The pipe or 
system shall not fail in less than 1000 h when tested in - 
accordance uirh Tesl Method D 1598. The stress shdl  be as 
given in Table A2.3. 

.41.5 Saiety Requirements 
Pments A2.5.1 Safety requiremenu for handling solvent c- 

must be observed. Consult Pracuc: F 402 and the solvent 
cement manufacturer for appropriare precautions. . 

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

X3.1 Quality Control 
A3.1.1 The follouing in-plant quality control program 

shall be used to assure compliance with this specification. 
The pipe and fittings producers shall maintain records on all 
spcc t s  of this program and supply these to the purchaer, if 
r cquaed .  

A3.1.2 In- Planr Qualiry Conrrol Tesr ~erhods- en 
methods other than those specified in Section 6 may be used 
as long as they provide equivalent resuiu. In  case of 
disagre:men~ those test methods in the applicable ASTM 
sandard shall be used. 

X3.2 Pipe and Tubing Tests 
A3.2.1 Marerial and Emusion Proce~s Qualj l icaht-  

Sunained pressure tests sh!l be made on one pipe o r  tubing 
size in the range of 2 in.. or less. and on one pipe size in the 
range of in., or greater. This test shall also be made on 
pipc and tubing from each panicular commercial plastic 
ruin inirially, and at least twice a year thereafter for material 

and exrrusion process quaiiiication and not as a quality 
control on the product. This tm shall be made in accordance 
with 6.6. I ,  6.6.1.1 and 6.6.3 using either o i   he test condi- 
tions in Table A3.1. 

A3.2.2 Praducr Quali~y Conlrol (Note A3.1 +The tests in 
Table A3.2 shall be made per size per extrusion die at !.he 
denoted frequencies and the ~ e s t  results recorded and filed 
for inspecrion on requesr. 

NOTE All-When Ihe pipc or tubing fails ~o mcct this specifiau'on 
in any IML additional tau shall be made on thc pipe or tubing produced 
back 10 h c  previous acceptable r ~ d r  ro wica the pipe or tubing 

TABLE A3.1 Material and Erwrion Proceu Qualification Ten1 
. CondlUonsA 

T ernpera~urs Stress Tuna Requirament 

176 r 3.6.F (80 t 2.t) ' 580 10 ps lo00 h 
I4.D r 0.07 MPsl 
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L e v e l  1 
f requer.Cy.  

FIG.  A3.1  Quick Burst Multilevel Sampling Plan 

~f 1 6  c o n s e c u z i v e  
s p e c i n e n s  nee: 

TABLE A3.2 Product Quality Control Tests 

Prowrry Frequency 

Ihamelw Once every hour O( evwy ad. 
w n i c w  IS Less hequenl. 

Wan vrlcxness Once every hwr or wre every mi. 
whrnever is less heqwnl. 

Burs: pessurs (we Nola Adz) Once srecy a h or Mca every ml. 
w h ' i e r  a less hequenl. or fnullc 
levd @an demaed a A4.2.3. 

F!anerung (PVC Only) Once every 8 h 
Eruuxn nuarf (PVC w) Once every 2 h 
lnmcr rests- (PVC Only) Once every nwr 

., . . . - 
I 

produced tn the rntcrirn that docs p a  thc rcquircmcnl. Plpc or tubing 
tkal docs no1 mrct ~ h c  rquircmcnt shall be rcjccted. 
NOTE AX-For pipe sizes abovc 4 in. nominal diamctcr. thc quick 

bunt  t a t  ( T a t  Sicthod D 1199) may bc rcplacd by the hppar:nL Ring 
T c ~ s i i c  Slrength T a t  (TM Mc~hod D 2290) if ag.ccd 10 beween the 
purchaser and h: manufaaurcr. 

r e q u i r e m e n t s .  

A3.2.3 Bursr Pressure Multilevel Plan (see Fig. A3.1)- 
This muililevc~ plan is based on MIL-STD-I 235 (ORD). and 
may be uscd only when the same product is c x t ~ d c d  
continuously under rhc same operating conditions and 
production is at a steady rate. Before ihis reduced sampling 
plan may be considcrcd. s tudy  produclion conditions must 
be carefully chosen to ensure a continuous and consistent 
high quality outpul. Any inlcrruption (shutdown) or changc 
in resin lot number. perunrage rcwork, or producrion 
conditions outside normal operating variations shall cause 
sampling to rcvcn KO Levcl I. A sampling level change may 
be considcrcd only when approved by a producuon super- - visor or authorized quality contra: personnel. 

. - 
T e s t  t u o - 6 p e e i r n e n s  
e v e r y  3 d a y s .  
D i s c a r d  r e m a i n i n g  
7 s p e c i m e n s .  

If 1 6  c o n s e c u t i v e  

l r v c l  1 TCSI one spKimcn evcry 8 h: If 16 consccutivc specimens haw 
mct requirements, p r o d  to  LcvcI 2. 

h v d  ? C o k b  one specimcn cvcry 8 h. Ahcr 72 h (3  days) or pbnion 
tircrcof. Im two randomly x l c a c d  spccimcnr If both m, 

t -  I - 
I 

i 
I I 

3 d a y  p e r i o d s  
m e e c  r e q u i r e n e n c s .  

discard the remaining 7 specimens. If any specimen rails .to 
mcct requircm:nts, rcvcn to Lcvcl I (xe also Note AZ.1). 
Product for which a specimcn has k c n  collmcd should not k 
shipped until a f m  thc 72-h urnc period and randomly wlcetcd 
samples h a w  k n  tcstcd. Con~inuc  10 t e n  2 out o f 9  s!xcimcm 
for 16 Lhree-day periods (48 day of produnion), then proceed 
to Level 3. 
Collcn o m  spccimcn every 9 h. Afier 21 days or portion 
thcreof. lest Lhrcc randomly x l c c ~ c d  spccimcns. I[ d l  l h m  
p a  d ~ d  Ihc remaining spccimcns. If any specimcn rails 10 
met1 rcquircmcnls. n v c n  to k v c l  I (see also Note A3.1). 
Product for which a spccimcn has been collcntd shall nor be 
shipped until afrcr thc ? [ d a y  rime pcricd. Cominuc :sling a: 
Level 3 until production conditions ncccsinlc rcvcning l o  
Levcl 1. 

- 

X3.3 Fittings TestsIo 

last t h r ee  s p e c i m e n s  
every 2 1  d a y s .  
D ~ s c a r d  r e m a r r . l n g  
60  spec :mens .  1 
Con:inue t e s c z n g  I i 

A3.3.1 The fitlings tesrs listed in the following sub- 
paragnphs should be conducred at the frequencies indicated. 

a t  = e v e 1  2 .  

NOTE A3.3-Whcn any fining fails to mect the rcquircrncnu of IhL 
swi ica t ion .  or thc applicable rcfcrcnccd fitting spccific;ltion. additional 
1 ~ s ~  should be madc on fining, produced back to  prcvious acccptablc 
rcsult to wlcn  the f ininp produced in thc in~cr im that do mcct thc 
rquircmenu. Fitlings that do not meet thc rrquircmcnu shall bc 
rcjmcd. 

A3.3. I. 1 Dimensions: 
A3.3.1.l(a) Socker Fiftings: 
(1) Sockel Enlmnce. Bollom a n d  Minimum Inlernal DC 

amefers-Once an hour or one out of ten fittings. whichever 
is less frequent. 

(2) Wall Thickne~s-At rhe beginning of each produdoh 
setup for each cavity. 

'OSupponing hra art available from' ASTM. Hudquanm Rmucrl RR: 
F17-1018. 
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C o l l e c r  o n e  s p e c i m e n  
\ e v e r y 8  ~ O U Z S .  - ' .  1 1 I C o l l e c t  o n e  s p e c i m e n  

e v e r y  8 h o u r s .  

: . i 
T e s t  o n e  s p e c i m e n  T e s t  t w o - s p e e i m e n s  
e v e r y  8 h o u r s .  e v e r y  3 d a y s .  

D i s c a r d  r e m a i n i n g  
7 s p e c i m e n s .  

1 6  consecu=:ve 
s p e c i n e c s  n e a t  I f  1 6  c o n s e c n c i v e  
r e q u i r e a c n ' s .  3 d a y  p e r i o d s  

m e e t  r e q u i r e n e n c s .  

T s s t  t h r e e  s p e c i m e n s  . 
e v e r y  2 1  days. 
D ~ s c a r d  r e a a ~ r . i n g  
6 0  s p e c z m e c s .  

I ,  
! 

Y V 

z f  qu:=k jc : sc  r r q u i r e m p n t  car .  m e t  s e e  Nore  A:.!. 
t n e n  r e s u m e  
L e v e l  1 
f r e q u e n c y .  

FIG. A3.1 Quick Burl1 Mukilevel Sampling Plan 

TABLE A3.2 Product Quality Control Tes t s  

Pro~erry Frequency 
Chmaler Owe every hour w mce every d. 

wnic?evar IS ~ e s s  bequenl. 
Wail ln~c~ness O w  every hwr w once every mi. 

w h m v w  is less trequent. 
Burs: pressure (see Nole Ad.2) Once ewry B h w o n ~ e  every FDII. 

whichever IS less hequenl. or mull* 
level clsMD0d m A4.2.3. 

F!ane~ung (PVC Only) Onw every 8 n 
E x u u m  auarf (PVC d y l  Once every 2 h 
Ir?.mcr res~slance (PVC Onry) Once every ncur 

produced In the mterirn that docs p a s  the rcquircmcnt. '~lpe or tubing 
L.at d x s  not mcct thc rquiremcnt shall be rcjcctcd. 
NOTE ~3.2-Fo: pipe siza above 4 in. nominal diamctcr. the quick 

bunt  ra~ (Test Method D 1599) may be replaced by thc Apparznt Ring 
Tecsiic Strcngth T a t  (Ten Mcthod D 2290) if ag.ced to k lwcen  thc 
purchmr  and Lh: rnanufaaurcr. 

A3-2.3 Bursr Pressure Muhilevel Plan (see Fig. A3.1)- 
This multilevel plan is based on MIL-STD-1235 (ORD), and 
may be used only when the %me product is extruded 
continuously under h c  same operating conditions and 
production is a1 a steady rate. Before 'this reduced sampling 
plan may be considered. n a d y  production conditions must 
be carefully chosen to ensure a continuous and consistent 
high quality output. Any inlermption (shutdown) or change 
in resin lot number. percentage rrwork, or producrion 
conditions outride normal operating variations shall cause 
sampling to revert to kve l  I. A sampling level change may 
be considered only when approved by a production super- 
visor or authorized quality conuo: personnel. 
Level 1 Tat one spccimcn evcry 8 h: If 16 convwtivc spcdmcns h a w  

met requircmenfs, proceed 10 Level 2. 
Level ? Colltcl onc spccirncn cvcry 8 h. Ahcr 72 h (3 days) or p b d o n  

rircrcof. 1cn two randomly x l c c t d  spccimcnr If bath pS., 

discard the xmaining 7 specimcns. If any spetirncn fails .to 
meet rcquircmcnu. rcven lo Levcl 1 (xe also Sole  A?.!). 
Product for which a specimen has k n  collmcd should nat bc 
sh ippd  until after the 72-h umc period and randomly wlectcd 
samplcs havc becn tcs~cd. Continue to m t  2 out o f9  specimens 
for 16 thrc-day periods (48 days of produclion), then p r o d  
to Level 3. 

h v c i  3 Collect onc spccimcn cvcry 8 h. Aher 21 days or portion 
thercof. t a r  lhm randomly wlccred spccimcrrs. If all thrcr 
PU. discard thc remaining specimens. If any spccirncn fails 10 
meet rcquircm:na. rcvcn to k v c l  I (xe also Notc A3.I). 
Product for which a specimcn has bccn collencd shall not bc 
shipped until ahcr the 2 I -day u m c  pericxi. Continue tcsting at 
h v e l  3 until production conditions ncccssiWe revenins 10 
k v c l  I. 

A3.3 Fittings T e s ~ s ' ~  
A3.3.1 The fitting tests listed in the following sub- 

paragraphs should be conducred at the frequencies indicated. 

NOTE A3.3-When any fining fails t o  meet rhc mui rcmcnu of this 
spccification. or thc applicable refcrcnccd fitring spec i f idon .  additional 
t a u  should be madc on fitting produced back to  prrvious a~cepbblc  
m u l t  to select rhc fining produced in the intcrim that do meet the 
rcquircmcnls. Fitling that do not meet rhc nquircmcnu shall be 
rcjmcd. 

A3.3.1.1 Dimensions: 
A3.3.1.l (a) Socker Fillings: 
(1) Socker Enlrance. Bolrom and Minimum Inrernai Di- 

ameters-Once an hour or one out of ten fittings, whichever 
is less frequent 

(2) Wall Thickness-~t the beginning of each p r o d d o n  
setup for each cavity. 

10Supponing clan ut available from' ASTM. Hudquas lcn  RwuM RR: 
F17-1018. 



A3.j. 1 .I (b) Burr F z i o n  Firrings: 
{ I )  Outside Diameler and Wall Thickness-Once an hour 

or on:: out of ter. fitrings, whichever is less frequent. 
A3.3- 1.2 Ofher Teas: 
A3.3.I.Z(a) PVC Finings-The bun t  pressure shall b:, 

n u s u r e d  on one firting per 8-h production. 
~ 3 . 3 . 1 . 2 ( b )  PE and PB Finings-At rhe s tan  of each 

produnion run, whenever production conditions have 
changed. or when the resin lot is changed, bbt not less 
frequently than once per 500  fittings thereafrer, the following 
wu should be made: 

(1) The knit linc strength for at leas: one firting from eacn 
caviry should be demonstrated by one of the following tests: 

( a )  Crusning a fitzing. or a ponion of a fittrng. in a mannr: 
that applies load in the ciirecdon nornal to the knir line. Set 
Sore A3.4. 

( b )  Apparent tensile s t r e n o  tesrs of a ring cut from 2 
fitring, with the load oi?enttd no.mal lo the knit line. Se: 
Note X3.5. .. 

(c) B u m  tening of ?he fitting. Set Note A3.5. 
(2) The integrity of  at l e s t  one p m  from each mo!d 

c a W  should be verified, using a mcthod selected by the 
manufacturer as appropriate for his specific product 2nd 
process. 

NOTE A3.4-Stpaauon in rhe k n i ~  conni~utcs a failure. 
NOTE A3.5-In rnzs 2 and 3 the strcngrh rqnlrznenu shown in ~ h c  

annrxa mun k net.  

~ 1 . 1  Viual inspecrion of every length of pipe for work- A4.3 Manufacturers of pipe shall conduct such orher 
rnanship defects shall be urried out at the manufacturer's quality control lesrs as are appropriate to their manufac- 
plant. M a u r e m e n n  of outside diameter and wall thickness turing 0 ~ e n t i o n s  that will provide assurance that the product 
shall made for each hour's production or a c h  length of requirements of 4.1.5 will be met in place of the actual 

pipe. whicnever is less frequent. penbnmnce of the specified tern. 
- ~ 4 . 2  ~~~~~h~ of pipe that are shoner than NOTE ~4.1-The PESSuE ItsU r q u m d  under product ~quircmcnu - arc 1aa for prfomancc.  T h e  ~ c n s  arc not a&pmbic 10 in-plank 
hipping lengths may be butt-fused produce standard qualily conuol. Quality conuol tcsa have not kn sundardizd bec;ruw 
] e n a s .  Such build-up lengths must otherwise meet all of the the requiremenu for such rma var). subsran~iall~ from one manufac- 
product requiremenn of this specification. luring plant lo another. 

~ 5 .  SUPPLEMENTAL REQUIREhlEivi FOR GAS PRESSURE PIPE, TUBING, AND FITTINGS PRODUCED 
FROM POLYAMIDE IMATERIAL 

A 5 1  Scope , 
A5.1.1 Tnis annex covers requirements for P.4 pipe. 

tubing. 2nd .heat fusion fittings. These requirements are in 
addirion to hose  m the main body of this specifiwuon. 

.A52 Referenced Documents 

A5.7.1 .4STM Slandards: 
D4066 Specification for Nylon Injection and Extrusion 

M a r c d s  (PA)3 
F 1563 S~ecification for Tools to Squeeze-Off Gas Pipe 

and Fittings3 

A53 illaterials 
A5.3.1 Clars$corion-Polyamide materials suirable for 

use in the manufacturing of pipe, rubing, and fittings under 
this specification shall be classified in accordance with 
Specification D 4066. as shown in Table A5.1. 

A5.3.2 Siron- and Long-Term Properties-Polyamide 
pipe. tubing. and fining shall be made from a PA malerial 
which also satisfies h e  combinations of short- and long-term 
propeny requircmenn shown in Table A5.2. 

,454 Requirements for Pipe and Fittings 
A5.4.1 Condirioning-For those tens where conditioning 

is required, or u n l c  otherwise specified, condition the 
spccimcns prior to icsting for a minimum of I h-in'waler or 
I h in air at 73.4 -1 3.6.F (23 k 2'C) or in accordance with 

TABLE A5.1 Specification D 4086 ClaasIRcation 
Uassikawn Desqnam 

PA Pdyam'ds 
3 (grwD1 11 nylon 
2 (m) Heat st!Mtzed 
3 (gram) 

Reidfive i v e r y .  nun 1.83 
M&I w t .  .C 185-19s 
s m  wnty 1 .m-1.06 
Tenslb mength min. MPa 48 
Uongsm (ulmte). nun. x 200 
FLexursl modulus. mbr. MPa 900 
lzod mpact rnsis%anw. nun. J/M 55 
OeReclw lemperalure. mn at 1.82 40 

MPa 
Mastwe "m racaived'. X. mar 0.08 

TABLE A S 1  Short and Long Term Propem Requirsmsnln 

6.3. The conditioning requirements of 6.3 shall be used in all 
cases of disagreement. 

A5.4.2 Minimum ~vdrosraric Bursr Pressure/Apparenr 
TensiIe Srrengrh (Quick ~ursr)-~l;e pipe or system shall fail 
in a ductile manricr when tated in accordancc with Tesr . 
Method D 1599 at a stress greater than 3900 psi (27 MPa). 



For pipe sizes above Cin. nomind diameter. rhc quick b u m  
ten (Test Merhod D 1599) may be repiaced by the apparent 
ring tensiie suen@ tea (Tesr merhoc D 7,290). The min- 
imum apparent t e d ~  men* at yield whtn determined in 
accorckinct with 6.8 shall be 3400 psi (27 63~a) .  

-45.4.3 Suslained Pressure ar 73'F (23'C)-The pipe or 
system shall not fail in less than 1000 h when t ~ e d  in 
accordance with Teit Method D 1598. The srress shall be 
2800 psi ( 19 ma). 

A5.4.4 Squeeze Ofl-This requirement is limited to  pipe 
sizes. wall thickness, squeeze procedures, and conditions 
deemed suitable for squeeze-off in servia by the pipe 
mzauizcturer. There shall be no leakage or visual evidence of 
splirting, cracking, breaking. or reduction in 1000-h sus- 
rained Dressure category when pipe is tested as  follows: - 

A5.4.4.1 Prepare six randomly selected pipe specimens in 
accordance with Tesr Meth-od D 1598, except they shall be 
unfilled. 

A5.4.3.2 The squeeze-off shall be effeaed at  rhe midpoint 
o i  the rest specimen, 90' to the point of the mwured 
mizimum wall thickness. Close the squeeze bars to the gap 
srop recommended by Specifiation F 1563 and hold in 
constraint ior 4 h. Remove squeeze b m  and reround pipe by 
closing squeeze bars at a point 90' for the squeeze ara. 

A5.4.4.3 Immediately upon removal of the squeeze-off 
tool. fill the specimens with ambient temperature water, that 
is 67 2 I O'F (1 9.4 a 5.O'C), condition, and tesr in accor- 
dance wirh 6.6. 

APPENDIXES 

(Nonmandatory Information) 

XI. NEW MATERIAIS 

X 1.1 It is rhe intent of A S l U  C o m m i ~  F- 17 on Plastic 
Piping Systems to consider for inclusion other kinds, opes, 
and grades of thermopldcs in this specification, when 
evidence is presented to show that they are suitable for 
underground disrribution of natural gas. Minimum require- 
ments. ir. addition to all the peninent pam of this specifica- 
tion ye: ( I ) an ASTM marerial specification, (2) an ASTM 
product specification. (3) the material's long-rerm hydro- 
=tic srrength, determined in accordance with an apprc- 
priate test method such as Tm Method D 2837. and (4) at 
least 3 y a n  of service-related evidence to demonmate that 
the material has performed satisfactorily as underground gas 
pressure piping. 

X 1.7 Each candidate material is considered individually 
with respect lo its own propenits, the intended application. 
and other pertinent usage experience. Experience with a 
related approved material may be applicable to a new 
matcrial provided the germane conelations can be demon- 
mated  

A5.4.5 Oudoor Srorap S;abiGr:-P.i pipe s?rrd o w -  
doors and unprotec~ed for at l a s t  rwo yeais from a m  oi 
nianuiacrure shall meet all thc requirern:nu of rks s~eci5- 
ation. PA pipe stored outdoors for over wo y e m  froni datr 
of manufacrure may bc used i i  it m=es the rc~uircrnenrs or 
this spedficarion. 

A5.1.6 Chemical Resistance-The wei& yk!d strcno.. 
and inherent viscosiry requirements for polyanidt gi$_ 
when musurd  in accordance with 6.9 are in Tabic A5.2. 

A53 Fdar'hg 
A5.5.1. PA pipe and tubing shall be marked with the 

elevated temperature code lerzers EF CG in accordanu uilh 
Table 4 in addition to the marking requiremen= of 7.1. 

E = maximum temperature of 180'F (8l'C). 
F = 1250 psi HDB at 180'F (82'C). 
C = tempemure of l40'F (60.C). and 
G = 1600 psi HDB ar'l40'F (60'C). 

TABLE A5.3 Chernicnl Reriolsnca 

W q n t  Ymki SYengVl It-twm-11 
ChecTucal O m .  Change. Vlscwry. 

mar I - - 

X1.3 An example of appropriate evidence to meet s e ~ c :  
relared requiremenu, but not necessarily the only way. 
would be a minimum of 3 years evaluation of representative 
piping systems in gas senicc under representative conditions 
without significant change in physical o r  mechanicd proper- 
ties. Such systems should aggregale at  ieasi 1030 Fi (305 m) of 
piping 13 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 servict con- 
nections on both pressured and unpressured synems is also 
desirable information. If special backfill materials or tech- 
niques are necessary for satisfanory pcrforinance, they 
should be so stated and described; otherwise generally 
accepted industry practices art assumed to be adequate. 
PubIications of the American Gas Assouation and the 
Plastic Pipe Institute contain informarion which may be 
useful in assessing the suitability or relevancy of candidate 
marcrials. 



. 
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S2.1 Gcnernl 
X2.1.1 The design of a p lvuc  piping sysiem for natural 

gas servic m u n  inciude consideradon of the combined 
effects of time, intcmd and external stress. and environment 
as an overall basis for selecting a specific kind and size of 
planic pipe. The design stress for plastic pi.pe used for 
disuibution of natural gas and petroleum fuels is regulated 
by the U.S. Depanment of Transponau'on as publisned in 
Pan 192 Title 49 of the Code of Federal Regulations. The 
~ r n e r i c a n  Gas Association Plasuc Materials Committee. the 
Fuel Gas Division of PPI, and memben of ASTM Com- 
minee F-17. are cooperating with the ASME Gas Piping 
Technology Committee ro provide assinance in selecting safe 
design sucss levels for the various kinds of planic pipe. 

X.1. Design Equations 
X2.2.1 Re!afionship Between Pipe Stress and  Pressure- 

The follouing expression is used to reiate stress, pressure. 
pipe size. and wall thickness: 

- ? = IS/(DR - I )  or ZS/[(D,!!) - I ]  (X2-1) - 
wher r  
S = stress in the circumferential or hoop direction. psi 

(MPa). 
P = internal pressure. psig (MPa). 
DR = dimension ratio, 
D, = average outside diameter, in. (mm). and 
z = minimum wall thickness, in. (rnm). 

X2.2.2 The following expression can be used to determine 
IIX burst pressure or sustained pressures needed in tesung: 

where: 
Pb = burst pressure. psig (MPa), 
S,. = yield stress, psi (MPa), and 
DR = dimension ratio. 

P, = ZSd(DR - I )  

where: 
P, = sustained pressure, psig (MPa), 
S, = fiber stress psi (MPa), and 
DR = dimension ratio. 

X2.2.3 Relaf ion bef ween Hydronaric Design Basis (HDB) 
nnd Hyamsrmic Design Stress (HDS)--The HDS is dcter- 
mined by multiplying the HDB by a design factor, j: The 
design fact0r.l; has a value less than 1.0. 

HDS = (HDB) 0 (X2.4) 

NOTE X2. I-The actud choice of design factor for a given installa- 
lion mun be rcvicwcd by thc design cngincer taking into aaounl 
federal. state, and local code rquiremcnu. For examplc. the design 
fanor for gar pipclines undcr the jurisdiction of rhc Depanrncnr of 
Transporntion is 0.32. , 

X23 Design Stress and Internal Pressure . 

X2.3.1 The dtsign strcsxs for natural gas pipe are based 
o n  the hydrostauc design basis categories at  73'F (23'C) 

. . obtained in accordance with Tcst Method D 2837. The test 
medium should be natural gas or simulated natural gas 

exccpt that water .may. be isj whex previous tens have ' 

shown t h a ~  for the panicular rype of piasuc. water and 
natural gas give essentially the same test results. The hydro- 
szatic design basis categories of the plasucs presently included 
in Lhe applicable ASTM specifications arc as follows: 

Plas!ic Pip 
Mau* Drsignation 

PB 2110 
PE 24-96 
PE 24.08 
PVC 1120 
PVC 1220 
PVC3110 
PVC I1 I 6  

X2.3.2 The design stresses for natural gas and other fuel 
gases at service temperatures above 73'F (13-C) should be 
based on hydrostatic design basis categories of the pipe thar 
are appiicable for the particular use temperature. 

NOTE X2.2-Watcr may be used vhcrc previous ICSU have shown 
that best requircmcnrr w n  be met 

X2.3-3 Strenghs for othcr plasric pipe materials &-ill be 
added when these materials are included in the applicable 
XSTM specifiutions. The design stresxs are obtained by 
multiplying the hydrostatic design basis categories by design 
factors or service factors according to the class of location as 
dexribed in Chapter IV of the American National Standard 
Code for Picssurt Piping ANSI B3 1.8, or, for gas operators in 
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 transporntion of liquefied pclroleum 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. 

X2.3.5 For liquefied peuoleum gas applications, a max- 
imum operating pressure of 30 psig (206 kPa) is recom- 
mended in NFPA 58 by the memben of the National 
Liquefied Penolcum 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 subjec~ed to excessive exposure to LPG 
liquids. 

X2.4 Thermal Stress 
X2.4.1 Calculate the longitudinal stress (theoretical) in- 

duced in a pipe member between fixed poinrs as follows: - 
S = E X C X A ~  (X2.5) 

where: 
stress, psi (MPa), 
modulus of clastici[y, psi (MPa), instantaneous. a1 
73'F (23'C). ' 

coefficient of expansion, in./in.fF, (mm/mmfCl. 
and 
maximum temperature 
ture, 'F ('C). 

minus minimum lcmperat. 



X2.4.1.1 The measured stress has been determined to be 
less than that calculated. This difference is a u s e d  by the 
smss  relaxa~ion in visccelanic materials. 

X1.4.2 Calculate the theorerid fordc- sunained at the 
fixed poinrs (typidy.joints) in a pipe member as followl 

F = S x A  (n6) 

wherc 
F = force, lbf (N), 
S = stress, psi (MPa), and . . 
A = cross-sectional pipc wall area, in? (mm2). 

X2.4.3 Calculate pipe contnction in unrestrained pipe 
=used by a reduction in temperature as follows: 

a L = k x L x C x ~ r  (X2.7) 

where: 
LL = change in length, 
k = 1000 for hL (mm), L (m), C ('C-I). At (T), o; 
k = 12 for AL (in.), L (fi). C ('F'). At ('r), 
L = original length, 
C = coeficient of linear expansion, and 
A! = temperature change. 

X2.5 Installation Procedure 
X2.5.1 It is recognized that certain minimum require- 

ments exist for the suppon of  eanh loads from backfill and 
other external forces. Proper installation techniques can be 
used with flexible conduit (as defined by Marston and 
Spangler") to suppon relatively large anh loads without 
excessive deflection by mobilizing lateral passive soil forces. 
Proper insrallation technique ensures that the necessary . -. 

-> passive soil pressure at the side of the pipe will be developed 
and mainrained. It is also recognized that internal pressures 
may be valuable in minimizing the deflection mused by 
eanh loads. Installation procedures described in Recom- 
mended Practice B 2774, ANSI B3 1.8, and the AGA Plmtic 
Pipe Manual for Gas Service are recommended. 

X2.5.7 Unrestrained plasric pipc expands and contracu 
from xhermal change significantly more than metallic pipe. 
This ratio may be of the magnitude of ten to one. Typical 
coefficients of thermal expansion for unrestrained pipc are as 
follows (KC Note X2.3): 

PB 73 X 10-1 (iio./n.)f F 19.44 (mmlmm)fC 
PE 9.0 x lo-' (ie11n.Y F 2 4 3 0  (mm/mmYC 
PVC 3.5 x IO-' (in./in.)f F 11.45 (mmlmm)f C 

Mains and service lines installed by insertion are considered 
to approximate unresuained conditions inside the casing 
pipe except at end connections. Direct-burial pipe is consid- 
ered to k panially restrained by passive soil pressures except 
in the vicinity of join&. , 

NO= XZ.3-Coefiaen1 of ~hcmal expansion for rhe specific pipe 
king considered should k used. if available. 

X2.5.3 Internal pressure, earth settlement, ground movc- 
ment, and thermal contraction impose stresses on the pipe 
that can k transmitted to joints. These nressu are additive. 
Installation practices should reflect the need for continuous 
suppon and containment of the pipe through suitable 

' I' Spangler. M. G, "Secondary St- tn Buried High P m u z  tinu.' low 
. 3 SImr College Bullclmn. Enwnccnng Repon 23 of a c  Iowa Engnccring Lprrmcnt 

.; SuGn. 1954. 1953. - 

bedding and backfilling proc=dur=s. Arxntion should bc 
given to all joints, panicuiarly to transinon jolnrs berueen 
plastic and metal pipe. 

X2.5.4 It is desirable to have pipe joints that are as srrong 
as the p i p  ' itself in rhe longitudind (axial) dirccnon. 
Thermal fusion, solvent dcment joints. and mccnanlcal 
join= outlined in 6.10, Categor). I can provide such joint 
suengrh. The joint strcngth is a funcuon of h e  a m b l v  
procedure, the design ofthe fining. and the pipe material and 
dimensions (= X2.5.5). 
X2.5.5 For those mechanical devices that are not designed 

to remain the pipe against pullout forces. provisions must be 
made in the field to prcvent pullout, keeping in mind that 
mechanical joinu arc vulnerable to  the e f i m  of internal 
pressure, temperature changes. earth senlement. and ground 
movement. A somewhat iimited alrernarive is to UK long 
sleeve-type fittings that permit limited movement without 
loss of pressure seal. Otherwise, provisions must be made in 
the field to prevent pullout through suitable anchoring at the 
joint. 

X2.5.6 Plastic pipe joined with mechanical connectors 
that utiIize a compression-type gasket must be reinforced by 
means of a tubular stiffener that extends at l u s t  under the 
section of pipe being compressed by the gasket and the 
gripping device (where used). The suffener shall be nonsplit- 
type design to meet the performance requirements recom- 
mended by the manufacturer of the fitting in which it is u ~ d .  
and the joint shall meet the test requirements outlined in 
6.10. 

52.6 Repair Considerations 
X2.6.1 Repairs may be made to plastic pipe under appro- 

priare 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 planic pipe may be found in manufacturers' 
literamre, 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. 

52.7 Environmental EfIects 

X2.7.l The long term effect of natural gas at 73'F (23'C) 
has been shown'z13 to be essentially equivalent to that of 
water at 73'F (23'C) for three kinds of plastic pipe (PVC. PB. 
and PE). However, the effem of other liquid environments 
such as antifreeze agents, odorants, and s hydrocarbons arc 
known to be deleterious to some plastics, particularly when 
under service conditions, and therefore, should not be 
permirted in the gas system unless the pIastic pipc has been 
fully evalualed under the service conditions. 

la Kuhlman. H. W.. Lcnin~a, R. L and Wolrcr, Friu "Inwsupltion of .- 
Engineering and Dais Conccpu for Plaai5 Pipe for Gas Dinribution Applica- 
tion.' p k a l e d  a! ANSI 831.8 mte~ing in St Charla  IL On. 19.1965. 

" M m o .  E F, and t u r d y .  hi. J, "Cornparison of Long-Tcnn En- d 
Warm and Mc!hane on PE 2306 and PE 3406 Pipe Performance.- prevnlcd a[ lhc 
American Gas huodauon PI.& .4la;cd Cornmime W i n m  Workrhop. kb. 2% 
1982 





Standard Specification fcir 
Polyethylene Plastics Pipe and Fittings Materials' 

: ' : 
This sundnrd is issued under mc fixed d e 6 ~ ~ i 0 n  D.3350; the nunlbcr immcdiooly following dx dcsigniltion indicarcr the ya* of 
original ncbpSm~ or, in rhc cast of rwilion, rhc ycor of I* revision. ~numbcr in parcnrhcscs indiatcc the ycnr of lnsr rcypmval. A 
suptrscrip~ epsilon (3 irrdiarcs an edirorisl chmigc since the Iat rcvi~ion or rcappmv~l. 

1. Scope 
1.1 This specificarion covers the idtnrificarion of polyeth- 

ylene plastic pipe and fittings materials according ro a cell 
classification system. It is nor the finction of this specification 
to provide specific engineering data for design purposes, ro 
specify manufacturing rolcrancrs, or to dctcmninc suinbility 
for llsc for a specific applicarion. 

1.2 Polyethyknc plastic rnarerials, being rhemoplastic, are 
repmcessablc and recyclable (Note 2). This spccificazion al- 
lows for rhe use of thosc polyethylene materials, provided char 
all specific rcquirments of this specificadon arc mct. 

NOTE I-The notcs jn chiis spccificarion arc for information only snd 
&in11 nor b e  considered pm of [his spccificnh'on. 

NOTE 2-Scc Guide 1) 5033 for informnrion and definitions relared to 

rccyclcd plastics. 

1.3 The values stated in SI units are ro be regardcd as the 
stan.dard. 

1.4 This standard does no1 purpon to address all 01 the 
scfery concern, uny, associated wirh irs r m .  It is the 
responsibilig~ of rhe uzer of thi .~ srandard ro establish appro- 
priare sajefy and hzalrh practices und derennine the opplica- 
biliy of rrguluro y limitations prior ro use. 

N m  Fr)lcr&;s no similar or equivdent IS0  scandord. 

1.5 For information regarding Molding and Exrmsion Ma- 
rerials see D 4976 Specification for Polyerhylmc Plajtics 
Molding and E x m i o n  Materials. For information regarding 
mre and Cable Mntcrials see D 1248 Spccificnrion for Poly- 
erhylenr Plastics Exrrusion Materials for Wire and Cable. 

2. Refcrcnced Docnmenb 

2.1 ASTM Stunclnrds: 
D 61 8 Fracrice for Condirioning Plastics for Testingz 
D Q8M Tcst Merhod for Tensilc Properties of Plastics3 
D 746 Test Merhod for Brirtlcness Temperature of Plastics 

and Elasromers by ImpactZ 
D 790 Test Mcthods for Flexural Propcrties of Unreinforced 

'This $pc ih~non  is  undcr rhe jurirdiccion of ASTM Commiue D20 an 
Pksdo  and is d ~ c  dirnt mponsibiliry of Submmitka D20.15 an T h ~ o p l n n i c  

- -+lr 
Cumm tdirion qpruved Augur 10.1001. Publishad Octobn-200l.Originolly 

p&!ijhed as D 3350 -74. Lsrr prcvi~rn edirian D 335'0 - W. 
-Annual Book rfA5TAf 51~11durd~, Vol 08.01. 
' D i i h c d ;  L:C 1996Anrlztd Book ofASYM Smnrlurclr., VolOB.01. 

md Reinforccd Plasrics and Electrical Insulating Materi- 
,alsl 

D 792 Test Methods for Density and Specific Graviry (Rcla- 
rive Dcnsity} of Plastics by Displacement2 

D 883 Terminology Rclating ro Plastics2 
D 1238 Tesr Method for Melr Flow Rates of Thermoplastics 

by E x m i o n  Plastomerer2 
D 1248 Specificanon for Polycthylene Plastics Exmsion 

Mntcrials for Wke and CableZ 
D 1505 Test Mcthod for nensiry of Plastics by rhe Density- 

Gradicnt Techn,ique2 
D 1603 Test Method for Carbon Black in Olefin Plasrics2 
D 1693 T c ~ t  Merhod for Environmenral Stress-Cracking of 

Erhy1.ene Plastics2 
:D 1898 Practice for Sampling of Plastics3 
D 1928 Practice for Reparation of Comprcssion-Molded 

Polyerhylene Test Shcets and Test Specimens6 
D 2837 Test Mcthod for Obtaining Hydrostatic Design 

Basis for Thermoplastic Pipe Materials" 
D 3892 Practicc for Packaging/Packing of Plastics6 
D 4976 Specification for Polycthylene Plastics Molding and 

Exrrusion Matcrials7 
D 5033 Guide for the Devclopmem of ASTM Standards 

Relanng ro Recycling and Use of Rccyclcd Plastics7 . 
F 1473 Test Mcthod for Notch Tensilc Tesr ro Measure the 

Resistance ro Slow Crack Growth of Polyethylene Pipes 
and ~es ins '  

2.2 IS0 Srandards 
IS0 9080 Plastics Piping and Ducting Systems Determina- 

tion of Long-Term Hydrostatic Srrength of Thcrrnoplasrics 
Materials in Pipe F O ~  by Extrapolation 

IS0 12162 Thermoplastic Materials for Pipes and Fittings 
for Pressure Applicarions- Classificarion. and 
Dcsignation- Overall Servicc (Design) Coefficient 

3. Tcrminolop 
3.1 Definirions-Tcms as described in Terminology D 883 

shall apply in this spccification.. 
3.1.1 po~ethy1enepZ~~rics-as defincd by this specificauon, 

plastics or resins prepared by thc poIymerizozion of no less than 
85 % erhytene and no lcss than 95 % of coral olefins with 

Dixontinutd; see 2001 Annual Book ofA!iTM S~~nrlurrL. Vol08.01. ' Annuul Book of ASTM 5tandonls, Vul 08.04. 
Anawl ffmh uf ASTM Srondorrls, Vol 08.02. 

'Annual B w k  of ASTM Punduids, Vol 08.03. 

*A Summary or Chrnga sccdon appears rr rhc cud of Ihi i  standard. 
Cspyriohc 0 rSlaa, 100 Rnrr HAnr h. Weal CoILOMhOdlm. PA 1962&2959. Unildd 31abL). . . 
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additional ~ o ~ ~ o u n d i n ~  iryredients; 
3.2 DSfinitions of Term Specific to This Standard: 

. 

3.2.1 mnterial.~polycthylene (PE) resinr with rhe added 
compounding ingrcdienrs. 

3.22 PE compounds-has thc mne meaning as PE plasrics 
maccri.As, compounds, and plastics. 

3.3 Historical usage and user group convcnrions have rc- 
sulted in incomistenr terminology used ro categorize and 
describc polyerhylene resins and compounds. The following 
terminology is in usc in ASTM specifications pertaining to 
polyethylcnc: 

3.3.1 Specificarion D 1248: 
3.3.1.1 Type (0, I, 11, n1, TV) = densiry ranges (same, 

respectively, as Class in Specification D 4976). 
3.3.1.2 Class (.A, B, C, D) = composition and usc. 
3.3.1 -3 Category (1,2, 3 , 4 , 5 )  = melt indcx ranges (same as 

Grade in Spccificarion P 4976). 
3.3.1.4 Grade (E, J. D, or W followed by onc or two digits) 

= specific requircmcnts from tables. 
3.3.2 Sprcfzurion D 3350: 
3.3.2.1 Typc (I, TIt TII) = densiry rangcs (same as Types I, TI, 

and III in Specification D 1248 and Classes 1, 2, and 3 in 
Specification D 4976). 

33.2.2 Class = a line cdlout system consisting of 'PE" 

followed by six ccll numbers fiom Table 1 plus a Ierter (A, B, 
C, Dl E) denoting color and W stabilizer. 
' : 3.3.2.3 Grade = simplicd line callour system using "PE" 
followed by density and slow aack growth ccll numbers from 
Table 1. 

.3.3.3 Spcc$ca!i~n D 4976: 
3.33,l Group (1, 2) ,= branchcd nr linear polyerhylmc. 
3.3.3.2 Class (5, 1, 2, 3, 4) = density ranges (same, 

respcaively, as Typc in Speciiicarion D 1248). 
3.3.3.3 Gndc (1, 2, 3, 4, 5 )  = melt indcx ranges (same as 

Catcgory in Specificarion D 1248). 

4. Classification 

4.1 Polyerhylene plasric pipc and firrings compounds arc 
classified according to dtnsiryl rnelr index, flexural modulus 
rensilo strcngth at yield, enviromncntal strcss-cmck resistance, 
and the hydrostatic design bavis st 23OC in Table 1. ' 

Nute 4-11 ha bccn. a long-rmding pnctice ro use the following r m  
in describing polyethylcne plastics: 

?pa I (0.810 to 0.925) =Low Densty 
Qpa 11 (0.926 to 0.940) = Medium Denslty 
Type 111 (0.941 b 0.985). High hnslry 

NOTE %The manner in which n~ercrials arc identified in the ccll 

TABLE I Primary Propertia&--Cell Classification Limits 

Properly Test Method a 1 2 3 4 5 6 7 

1 Denslrj.gkm2 i3 1505 Unspecified 0.925 or 20.825 - a 3 4 0  - 
M r  0.940 0.955 

5 SkwCraJtGmwth 
Resistanas 
I. ESCR D 16B3 

a. Tcsl condition 
(1 00% Igepal.) 
b. Ted duration. h 
c. Failure. ma& % 

11. PENT (hours) F 1473 
MoHd plaque, 
80% 2.4 MPJ 
Ndch depth. F 1473, 
h b l c  1 

(psi)! (n'C) 
11. Minrmum requ'd IS0 8080 

slrenmh. MPa 

M.955 

4 .15  

552 - c758 
(ao ooo to 
110 000) 

21 - <2d 
(3- 
c1500) 

-.. . . . specify wlue 

A apedfy value 

758 - 4 1 0 3  >I103 specify value 
(110 000) ro (>I60 000) 
-480 000) 

C . . . ... spcciry value 

600 
20 spedy value 

10 30 1 W 

speclfy value 

*Refer lo lO.l.A.1. 
NPR = Not Pressurc Rated. 



classiliwrion is illusnatcd for CL-is PE233424B as follows (@kr also lo 
Table 1 and 63) 

Qass 

(40 000-4 10 00 psi)) 
Tcnsilc strengrh ar yield (21-<24 
(MOD--3500 udN 
slow Crack &u& Rcsisurncc I 
L ESCR D 1693 

Condidon B. 24 b. 50 56 ma% failure I I 
I]. PENT F 1473 

Avcrsge 1 h failure 
Hydrostatic design b& at 23' 

(11.03 MPa (1600 psi)) 
Cnlw and W srabilv~ (colored) 

4.2 Marerials u s ~ d  in polyethylene plasric pipe and fittings 
shall use a ccll-type fo,mar for rhe idcntiiication, close char- 
acterization, and specification of material properties. The 
information from the format is to bc mcd alone or in 
combinati.on. 

Narc &--This rypc format, howcvq  is subject ro possiblc misapplica- 
xion sincc unobrainablc propcrty combinations can bc sclcctcd if the user 
is no1 fnmilinr with comme~ially availsblc rnntcrials. Thc mnnufacn~rer 
shwld be consulted. Addinonally, thc appmpri~te ASTM s(mdard spcci- 
Bmrion should bc rcvicwcd to assure materials utilized will mcct nll rhc 
matcrial and piping rcquirernents as spccificd in the standard. 

4.3 Grade-A code for polyerbylene pipe and 'fittings ma- 
tcrials rhnr ccmsisrs of rhe rwo lcttcr nbbrtviarion for polyeth- 
ylene (PE) followcd by two numbers h r  designate thc dcnsity 
1x11 (Propery 1) and the slow crack growth resisrance cell 
(Properry 5), as deked by cithcr Test Method F 1473 or Test 
Method D 1693, of thc thermoplasdc, as specified in Tablc 1. 
For thc rcquiremenrs of Property 5 (slow m c k  growth resis- 
lance). consulc rhe materials scction of the appropriate ASTM 
stsndezd specification for the end-use application. 

NOTE 7--Gndc &sipdons wen: n&pted From Sptcificarion D 1248 - 
84 prior to rhc wirhdrnwal of D 1248 - 84. Former Specificetion D 1248 - 
84 W ~ C A  for PE pipe mmxials wcn: PI4 P23, P24, B33, and P34. 

Equivalcnr Specification D 3350 mdc dcsi@tions for these mnterials arc 
PEI I .  PUO, PE23, PE30, nnd PE33, respectively. 

5. Materials and Manufacture 
5.1 The molding and extrusion material shall be polyerhyl- 

ene plastic in thc form of powder, granules, or pellers. 
5.2 The molding 2nd extrusion materials shall bc as uniform 

in composirion and size and as fret of contaminadon as is 
achicvcd by good manufacrurj.ng practice. If necessary, thc 
level of connminarion m y  be agrecd upon between rhe 
m d a c t u r c r  and the purchaser. 
53 When speci~jed, the color and translucence of moldcd or 

extruded pieces formed, under the conditions spcci5;cd by the 
mnnufacmr~ of the materials, shdl bc comparable wi&in 
commercial much tolerances to rhe color and mnslucence of 
standard samplcs supplicd in advance by the manufam.rer of 
the material. 

6. Physical Properties 
6.1 Cell CIassification-Tcst values for specimens of the PI2 

matcrial prepared as specificd in Srcrion 9 and tested in 
accordance wirh Section I0 shall conform to the requimcnts 
given in Tablc 1. A typical properry value for a PE material is 
to bc thc average value from testing numcrous lots or batches 
and determines the cell numbcr. When, due to manufacruring 
tolerances and rating bias, individual lot or batch valucs fall 
into the adjoining cdl, the individual viiluc shall not bc 
considered acceptable unless the uxr, or borh rhe user and the 
producer, determine that the indivictual lot or batch is suitablc 
for its intended purpose. 

6.2 Color and Ultraviolet (Uy) Srabilher--'The color and 
W stabilization shall be indicated at the end of the cell 
clasilicarion by means of a letter dcsipation in accordance 
wirh the following code: 

Code Lener Colw and UV SlJbilBer 
A Natural 
B Colored 
C Black with 2 X minimum camon black 
D Nalural With UV sLablllzer 
E Coked 46-1 UV stabilizer 

6.3 Thermal S rab i l ipThe  PE maccrial shall conuin suffi- 
cient antioxidant so that the minimum induction remperature 
shall bc 220°C when rested in accordance uirh 10.1.9. 

6.4 Brirrleness TemperanirrTht briuleness tempencure 
shall not bc wamcr than -60°C when tested in accordance 
with Ten Method D 746. 

6.5 Density-Thc d-it), us& KO classify rhe marerial shall 
bc the densicy of rhe PE base resin (uncolored PE) dctcrmined 
in accordance with 10.1.3. When the avenge densiry of any lot 
or shipment falls wi,chhi 20.002 glcm3 of thc nominal valuc, it 
shall be considcrcd as conforming to rhe nominal valve and to 
all classifications based on rbe nominal value. 

6.5.1 For black compounds, containing carbon black, dcter- 
mine rhe density, Dp, and calculatt the resin densiry, Dr, as 
follows: 

where: 
C = wcight percent of carbon black 

6.5.2 For colored compounds, rhe nominal dmsity of thc 
base resin shall bc providcd by thc manufacturer, on request. 

6.6 Ensile Strength ur Bcld-The tensile strength at yield 
used to classify the material shall be the rensile strength at yield 
of rhe PE resin determined in accordancc with 10.1.6. When 
&E avcragc tcnsilc strcngth at yield of any loc or shipment falls 
within 23.45 MPa (3500 psi) of the nominal value, it shall be 
considered as conforming to the nominal valuc and to all 
classifications bascd on &c nominal value. 

6.7 Elongution ar Break-As resred per 10.1 -6, all pressurc 
rated materials shall have a minimum cxtcnsion at break of 
500 % as detmnined by grip sepamion. 

7. Sampling 
7.1 A barch or lot shall be considered as a unit of manuf;lc- 

mre and shall consisr of one production run or as a blend of nvo 
or more production runs of matrrid 

7 2  Unlcss othcnvivc agmd upon between rhe mand'ncauer 
and rhe purchaser, the material shall be sampled in accordance 
with rhc proccdurc dcscribcd in Scctions 9 though 12 of 



Aluminum pan ct&nped 
a r o u n d  f i b  ed,ge 

\ 

Pan cover used as spacer 

Aluminum pan c r imped  
on reference material 

FIG. 1 Mounting Film Specimen In Cup 

Pracuce D 1898. Adcquatc statistical ssmpling pfbr to pack- 
aging shall .be considered an ncceprable alternative. 

VOTE 8-.4 samplc ~&cn from finished product muy not necessarily 
rcprcscnt the originid bnccb or lot 

8 Number of Tests 
8.1 ?he requirements idendsed by the nmerial designation 

and otherwise specified in rhe purchase order shall be vcrificd 
by tests made in sccordance with 11.1. For mutinc inspection, 
only thosc rcsts ncccssary to identify  he material ro rhe 
satisfaction of rhc purchaser shall be required. One sample 
shall be sufficient for resting each batch or lot providcd that thc 
avmagc valucv for all of the tests made on hat  bauh or lot 
comply with rhe specified requiremmts. 

9. Specimen Preparation 

9.1 Unless orhewise specified in. Section 10, the tesr speci- 
mens shall be mol.ded in accordance with Procedure C of 
Practice D 1928. 

9.2 Whcn pipc or fitting test specimens an rcquind, they 
shall be extruded or molded in accordance wirh rhe specifica- 
rions of rhe miterial rnmufacrurer. 

10. Test Methods 
10.1 The properties enumerated in this specificarion shall be 

dctmincd in accordmcc with thc folIowing tcst mcthods: 

10.1.1 Condi~ioning- Unless otherwise specified i n d ~ e  tesr 
rnechods or in this specification, for those t~stswhtx condi- 
tioning is required, condition rhe molded tesr specimens in 
accordance with Procedure A of Practicc D 618. 

10.1.2 Test Conditions- Unlcss othcrwisc spcciiicd in rhc 
t ea  methods or in this specification, conduct rests at the 
S~andard Labomory Temperame of23 f 2'C (73.4 t 3.6"F). 

10.1.3 Densir?F-.Tcst Method D 1505 or altcrnativc mcth- 
ods providing equivalenr accuracy ns described in Merhods A 
or B of Ten Methods D 792. Make duplicate determinations 
using two separate portions of the sarnc molding or  from two 
moldings. The molded spechen thiclplcss portions shall be 
1.9 2 0.2 mm (0.075 2 0.008 in). Calculate rhe average 
V~~UC. 

10.1.4 Melt Index-Ten Ikfethod D 1238, using Condition 
19012.16. Make duplicate d ttenninarions on the material in the 
form of powder, granules, or pellers, and calcularc the average; 
no conditiolhg is required. 

10.1.4.1 Classify materials having a mclt index less than 
0.15 (Cell 4) e.s Cell 5 only if they have a flow ratc not grcatcr 
than 4.0 gllO rnin when resled. in accordance wirh Tesr Merhod 
D 1238, Condirion 190/21.6. 

NOTE 9-'F]w m c  is hc general km used for all rcbuln obmincd wkh 
Tar Method D 1238. Alrhongh me flow rate ofpolyethylene ple>tics may 
bc rncamd undcr any of dr condirinru liiccd for ir under 72 of Tesr 
Melhod D 1118, only maurcmena ma& at Condilion 1901'21 6 may bc 



FIG. 2 Q~ltal 

idenrifrcd as "Melt Index." 

10.1.5 Flexural hfodulw- Tesr h~lerhods D 790, using 
Method 1, Procedure B, and a 50-mm (2-in.) test span. Tesr five 
spccimcns, cach 3.2 by 12.7 mrn (!4 by :,..I in.) flawise at a 
crosshead speed of 19.9 mmlmin i0.5 in-irnin) and the avcragc 
value of che s e c m  modulus calculated at 2 q'o strain in the 
outer fibcn. 

10.1.5.1 Tht deflection of the rest spccim~n corrcsponding 
to 2 94 main (0.02 mmimm or inlin.) is caJculated as follows: 

where: 
D = deflection of the center of rhe beam rest specimen ar 

2 smin, in.: 
r = awin  in the outer fibers = 0.02 mmtmm (0.02 in./in.), 
L = tast span=50 mm (2 in.), and 
d = spccimcn dcpth = 3.2 rnm (9;  in.). 

10.1 S.2 Thc sbcss corresponding to 2 'YO swain is calculared 
as follows: 

-*here: 
S = stress in thc outcr fibcr at 2 A smin, 
P = load corresponding to 2 46 swain, ?C (lbf), 
L = resr span = 50 mm iS  in.j, 

DSC Plors 

d = spccimcn dcpth = 3.2 mm (<$ in.): and 
b = specimen width = 12.7 mm (I6 in.). 

The sccant modulus at 2 O/a strain is h e  ratio of sacss ra 
s d n  or S/0.02. 

10.1.6 Tensile Srrcngih ai Eel&-The tcnsilc Shcngh at 
yield shall bt  determined in accordance with Test Method 
D 638 except rhar rare of grip separation shall be 500 rnmimn 
(20 h imin  for matcnals in thc density range h m  0.910 to 
0.925 glm3j  and 50 mmlmin (2 in-imin for all others). 
Specimens shall conform to the dirncnsions given for Type N 
in Test Method D 638 wich a thickness of 1.9 zz 0.2 mm 
(0.075 t 0.008 in.). Specimen shall  be either die cur or 
machined. 

10.1.7 Slow Crack Growrh hesisrance-One method shall 
bc used to cJassiQ this material propeq-  

10.1.7.1 Slow Crack Growrh Resisroncr--The material's 
resistance shall meet the minimum requiremenr shown for the 
appropriatc ccll classification whcn tcstcd in acc6rdancc with 
Tesr Merhod D 1693. 

10.1.7.2 Slow Crack Gmwth Resistance-Thc avcngc fail- 
urc timr from two test spccimcs  shall mcct thc minimum 
rcquimcnt shown for thc appropriatc ccll classification whcn 
resred in accordance wirh Tesr Merhod F 1473. Tee at least 
four spccimcns in UE of a.&sPutc. 

10.1.8 Hvdrosmric Srmgrh Clarsi/icarion-One method 



sha!I bc used t@ chjj~-- !his marcrial prcl?e?-rr>r. 
10 i.S.1 f i d roz~a: i :  Dzsign Br;is--Ecrem~ine r f i e  hydro- 

smdc design b s i s  in accardancc uith Test $ltrhod D ZE37. on 
pip: cnFudcd from rhree different 101s of material. Subjccr 
qecimens from one lor for at lcast 10 000 h. Taminate the 
tests on thc two .additioml lots after 2000 h. The resulu from 
cach of the three 101s shall be within the same or nerr high~r 
cell limits. 

Smc 10-For prcs3nrc ~pp!icstion .a c b a t c d  tcnpcrams:  Lhc hy- 
drorlaric dcsign basis should bc dcterminrd a1 h a t  rempenrurc in 
accordancc wiih Ttil Method D 2337. The 100 OW-h inerccpr should bc 
categorized in accordmce wirh Tablc 1 of  Tcsc Xlcthod D 2135. 

10.1.5.3 Minimum Required Srrengrh-Detmine h e  mini- 
mum rcquired suengh in accordancc with IS0 9080 and 
IS0 12167. 

lo,]  .9 Thermrrl S ~ n b i l i ~ ~ - T e s t  specimens taken from pipe 
or fittings made from the virgin marcrial with a Mcrcntisl 
scanning calorimctcr (DSC).' The directions of the i n s m e n r  
manufacturer regarding calibrarion and operanon shall be 
followed except when in conflict with o t h a  parts of this 
srction. 

Kmn Il-This rest roqcircs acmrarc rcrnpcp-run, and smosphcrc 
control on thc DSC .qdr?.cn c o r n p m c n t  Thc DSC mnnufuchircrs offcr 
choiccs in al! configur;ltion md tempfnrure conrrol pamerers that may 
affecr h i s  rcquired~co~rrrol. For exarnplc, in somc powcr compcnsadnn 
DSSs, usc o'frhc two-hole plntinm sp&rncn ho!dcr lib. with n special 
"flow-through" swing-~wny block cover is required. Therefore, rhe user 
may wish 10 consult aquiprnmr-specific lireratwe a d  wirh rhe equipment 
rnanuiacrurer to optimize rhc operetion of individual DSCF for rhk ICSL 

10.1.9.1 Specimens-Press small pieces of rhc pipe inro 
films 0.127 2 0.013 mnl C0.0050 r 0.0005 in.) thick, Cut at 
lcast thrcc disks 6.35 = 0.13 mm (0.150 = 0.005 in.) in  
diameter from the film. 

10.1.9.1 Procedure-Place the disk of film in a small 
aluminum cup used in the DSC in a stretched condition, as 
shoun in Fig. I(a). Placc 8 small piece of indium (melting 
point 156.6"C) or anisic acid (melring point 1S3.0°C) for a 
temperature reference standard concained in a similar cup (see 
Fig. I(b)j in rhe referenc~ position. Urc an oxidizcd coppcr 
rcfercncc disk for black, filled, or dark brovm test specimens 
and an aluminum disk for narunl or lighr pigmented polymers. 
Place the specimen and rcfmncc stvndard cups in the instru- 
ment which is preset at approximarely lSO°C. The borrorns of 

:hr shdi b? ,xes:rd anc ~ b i ? c t  s c i x i l ~  3E2iT.i: t l : ~  5:: 
nri-sc: so as :o cnsur: f h i  thzmal wn:a:: is msdc. .-\;:o.s 3 
min for the cups ro reach rhermal  equilibrium. brgil: m r .  
pro-mm=d hz3ting ar spprosimsrcly !SOT st A hexing 3:: 
of 10.OcC!min m smic air. Tzsr ar least three film spcclrnens 
from each sample and use the average value for the iniluirion 
temperamre. 

NOTE 12-Sin= rhc indium nandard may changc u c ,  i r  sbouid 
not bc uscd marc tbm 30 timm uithout c o d i n g  Lhat nu significunt 
change in rcel~ing p & ~ t  has occurred. This check c3n b made b:; 
comparison with s fresh piesc of indium. 

10.1 S.3 RauLcs-The ccrnperarurc change (An or heal 
absorption rate.(J/s:) in the specimen ploncd against tempera- 
rurc shall producc a linc with. a 'dcar  risc in slopc. Thc 
inducrion rernperanue (degradation onser) is the intersection of 
the extended base line and a line rangent ro the leading s l ~ p e  of 
thc cxothcrrnic decomposition pcak (scc Fig. 2). 

10.1.10 Carbon BIuck Content-Test Method D 1603 shall 
be used. Make duplicare dererrninations h m  a sample of the 
matcrial in r.hc form of powder, granules: or pcllcts. 

11- Inspection 

11.1 Impcction of thc matcrial shall bc madc as a w e d  upon 
benvecn the purchaser and the manufacruet as part of the 
purchasc contract. 

12. Retest and Rejection 
12.1 If any failure occurs, and when specified by the 

manufacturer, chc rnatcrial shall bc rctcstcd to establish con- 
formiry in accordance with rhe agrcernenr benveen the pur- 
chaser and rhe mmufacmrer. 

13. Pnckaging nnd Marking 

13.1 Pachginy-The material shall bc packaged in s ~ m -  
dard commercial containers: so cons t~~ctcd  as to ensure 
acceptance by common or otha carriers for safe transportation 
ar rhe lowest rare to the poinr of delivery, unless orherwise 
specified in d ~ e  contract or order. 

13.2 hfarhg-Unlcss otherwise agccd upon bctwccn the 
seller and rhe purchaser, shipping containers shall be marked 
with the name of rhe marcrial, identification according to this 
spcciticaticn, th: lot or batch number and quantity contained 
herein as defined by h e  conuacr or order under which 
shipmsnt is msdc, and the name of the manufac~lrcr. 
133 All packing, packaging, and marking provisions of 

Practicc D 3892 shall apply to this specificadon. 



This secrion identifies the location of s c l c c ~ d  changts to (his specificarion. For rhe convenience of th- uscr, 
Cornmince D20 has highligh~cd chose changes thar may impacr thc use of chis qccification. This scccion msl; 
also imludt descriptions of rhe changes or reasons for thc changcs, or buth. 

D 335099: (2 )  Added TSO 9080 and IS0 12161 ro rhc Rzfcrcnccri 
( 1 )  Revised Tablc 1, Propcrty r, Cells 2, and 3. Documenct; section. 
D 335040: (3) Revised Note 6. . , 
(I) ~ d d e d  3.3. (4:) Revised subsecnon 10.1.8. 
D 335001 :  
(1) Revised Tablc 1, Propcrty 6 ro add , W S  values as cells 5 
and 6. 

Tne Amerfcan 9odery IorTesting and Afatstials hkcsno posih'on resptcling rhe alidily ofsny parrnr rQhw asserred in mnne:dm 
w m  my hfim mentioned in thisstandard. Users of Ulis a n d a m  are erprewy a m k d  that drremhsdon ot rf~e calldin. of any such 
patent rfghfs, and the n3k of infringemenr OI sudf nghls, ara enrlmly meir own responsibili&~. 

 hi; sfandwd i5 Nbjea ra rsvlslon sr any ume by rho resp~nsibls technical mrn i r tee aid  rnw! be r s G ~ m d  C V 6 m  f i ~ c y s ~  2nd 
if nor rev;sed, alrherreappmvsd ar withdram. Yaurcommcnts arc ~nvifcd k~orrrk&ion or lois m n d s M  or for addllional s w ~ s m s  
and ahould be 8ddresssd IoASTM Hcadooarlcrs. Your cornmenu -mil receive carelbf acomlderaflcm ar a meerlng of rhe responsrblo 
rechnical sumtmillee, wiridr you may arfend. . ~ T K W  her Par your mmmenw haw nor re~=°lvsii a far  hearing you mould make ).our 
views k n m  fo lne ASi7.4 Cornmilkc on S n n d ~ r d s ,  ar me xidress shown azlon: 



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, UKI 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: 0611 2102 
Intervention Deadline: NIA 

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 
lntervention 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 l92.59(a)(l) (ASTM D25l3) 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 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, 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 o f  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 Association. 

Staff Analyst: Harlan Best 
Staff Attorney: Karen Cremer 
Date Docketed: 0611 0102 
Intervention Deadline: 06/28/02 

TC02-053 In the Matter of the Establishment-of Switched Access  Revenue Requirement for 
lnterstate Telecommunications Cooperative, Inc. 

- - 

lnterstate Telecommunications Cooperative, Inc. (Interstate) filed a switched access cost study 
developing a revenue requirement and minutes of use. lnterstate does not currently have its own 
access tariff but is seeking membership of the Local Exchange Carrier Association. It is Interstate's 
desire to be part of the LECA tariff. 

Staff Analyst: Heather Forney 
Staff Attorney: Karen Cremer 
Date Docketed: 0611 0102 
lntervention Deadline: 06/28/02 

TG02-054 In the Matter nf the Estabbshment nf Switched 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: 0611 0102 
Intervention Deadline: 06/28/02 

TC02-055 In the Matter of the Filing for Approval of an Amendment to an lnterconnection 
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 lnterconnection 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 TC98-205. 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: 0611 0102 
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 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: 0611 0102 
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: 0611 0102 
lntervention 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: 0611 1102 
lntervention 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:llwww.state.sd.uslpuc 
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a 
State Capitol Building, 500 East Capitol Avenue, Pierre, South Dakota 57501-5070 

September 3,2002 RECEIVED 
Debra Elofson 
Executive Director SEp - 4 2002 
South Dakota Public Utilities Commission SOUTH DAKOTA PUBLIC 

RE: PSO2-001 
UTlL\TE$ GOMMl@!Q# 

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, 

  ell^ d ~razier  
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 UTLLITJBS CO., ) STIPULATION 
A DIVISION OF MDU RESOURCES ) 
GROUP, INC. FOR APPROVAL OF 1 PS02-001 
WAIVER 1 

I t  is hcrcby 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 
Ordcr consistent with said Findings and Conclusions may be adopted by the South 
Dakota Public Utilities Commission (the LLCommissiony') in the above captioned matter. 
In support of the Waiver Request, Montana-Dakota hereby offers this Stipulation, the 
Waiver Rcquest filed on June 6,2002 and the responses submitted to Staffs data request. 
Staff orl'ers no answering testimony or exhibits conditioned upon the Commission 
accepting the following Findings of Fact and Conclusions of Law. 

FINDINGS OF FACT 

As the rcsult 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 thc pipe was ii~stalled by Montana-Dakota in the state of South Dakota between July 
2000 and Novcrnber 2000. Montana-Dakota received an alert notice on January 1 1,2001, 
and discontinued installing the pipe. Approximately 4,400 feet was installed in Wyoming 
m d  ttic remaining 20,000 feet of unused pipe was returned to UPONOR. 

40 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 chcinicals with which contact may be anticipated." The specification for 
all new plaslic pipe listed in 49 CFR Part 192 Appendix A, 11. C. 10. is ASTM 
Designation: D25 13 "Standard Specification ,for Thermoplastic Gas Pressure Pipe, 
'Tubing, and Fittings" (D25 13-87 edition for §192.59(a)(l), otherwise D2513-9Ga). D- 
25 13 requires, among othcr things, that the resin used to make the pipe have a "PPI 
recommcndcd long terrn 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 ofpipe produced 
from the rcsin, 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 thc 
spccificalions 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 

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. 

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. 

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). 

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 

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. 

PAGE 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 wiH be taken 
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I 

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. 

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. 

~ a G d  ~ . ~ ~ o o d i n  
Vice President - Operations 

PAGE 3 

staff ~t to* 
-South Dakota Public Utilities Commission 



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 1 
GROUP, INC. FOR APPROVAL OF ) PSO2-001 
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 Staffs 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 fiom UPONOR in late July and early August 2000. Approximately 3 8,600 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 'Wew plastic pipe is qualified under t h s  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" @25 13-87 edition for §192.59(a)(l), 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 canry 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 
fiom the resin, in particular the two-inch P S  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 D25 13. 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 

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. 

At the time the pipe made with the TR-130 resin was installed, the TR-130 resin 
did not cany the hydrostatic stress rating required by ASTM D-25 13 and 49 CFR Part 
192.59(a). Therefore, a waiver request was sought by Montana-Dakota to continue to 
maintain and operate the approximately 3 8,600 feet of pipe that has been installed in 
South Dakota. 

The two-inch P S  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). 

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. 

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. 

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 D25 13 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 w i t h  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. 

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

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

Date September 3,2002 

MONTANA-DAKOTA UTILITIES CO. 

By: 
David ~ . ' ~ o o d i n  

Vice President - Operations 

staff ~ttomkp3 
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 ) PSO2-001 

On June 6, 2002, the South Dakota Public Utilities Commission (Commission) received for 
approval a filing from Montana-Dakota UtiliGes Company (MDU), requesting a waiver of 49 CFR Part 
192.59(a)(I). 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 the 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)(I) is hereby granted pursuant to SDCL 49- 
348-24, 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 it $as no objection to the waiver. 

A8 Dated at Pierre. South Dakota. this 23 day of September, 2002. 
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Commission 
State Capitol Building, 500 East Capitol Avenue, Pierre, South Dakota 57501-5070 

October 'l, 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, 

Martin C. Bettmann 
Pipeline Safety Program Manager 

Enclosure. 



US. Department 
of Transportation 

400 Seventh St., S.W. 
Washington, D.C. 20590 

Research and 
Special Programs 
Administration 

Mr. Martin C. Bettrnann 
Pipeline Safety Program Manager 
South Dakota Public Utilities Commission 
500 East Capitol Avenue 
Pierre, South Dakota 57501-5070 

JAN 7 2003 

JAN 1 5 2003 

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 fi-om compliance with 49 CFR 
5 192.59(a)(l) for UPONOR plastic pipe that MDU installed between July and November 2000. 
Section 192.59(a)(l) states that new plastic pipe is qualified for use if it is man~lfactured in 
accordance with a listed specification, which includes ASTM D25 13. 

According to the waiver, after installation, MDU learned fiom UPONOR that the plastic 
pipe did not qualify under ASTM D25 13 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 fiom 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 5 192.59(a)(l). Nonetheless, the order establishes certain 
additional random sampling, testing, and reporting requirements. We have no objection to the 
Commission's order. 

Stacey ~ u ~ e r a r d  
Associate Administrator 

for Pipeline Safety 



vy MONTANA-DAKOTA 
UTILITIES CO. 
A Division of MDU Resources Group, Inc. 

400 North Fourfh Sfreet 
Bismarck, ND 58501 
(701) 222-7900 

January 22,2004 

Public Utilities Commission of South Dakota 
Capitol Building 
500 East Capitol Avenue 
Pierre, South Dakota 57501 

ATTN: MrKelly Fraizer 

JAN 2 6 2804 

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 fiom 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 192.6 17, shall be conducted. 

Sincerely, 

Gas Distribution Manager 

Attachment 

c: Dave Goodin - Executive 
Larry Thompson - Rapid City 
Tom Hopgood - Legal 



For: Bruce Nelson 
Montana Dakota Utilities 
400 N. Fourth St. 
Bismarck, ND 58501 

TECHNICAL LAB 
REPORT 

Uponor Aldyl Company 
4501 West 49'h Street 
Tulsa, OK 74107-73 15 
Te1. (9 18) 446-447 1 
Fax (9 18) 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.1.5.5,&A.1.5.8. 

Preparation: Test Conditions: 23OC & 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 >I70 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 >lo00 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 laborato~y." 

Bob Creason Larry Shelton 

Bob Creason 
Lab Operator 

Larry Shelton 
Lab Supervisor 



Test Data for # 100302 
MDU TR 130 2" UAC 2000 Pipe, Lot # TO1 072200 

MDU TR 130 Surveillance Pipe Samples 
Lot Number TO1072200 12" IPS SDR 11 UAC 2000 Pipe 
Specimens marked as "Hart Ranch-Mulligan Mile & Meadow Lane" 

Sustained Pressure Test per ASTM D 1598 

Sample (Test   ern^( Stress I Time 1 Results 
1 I 80" C 1 670 osi I >I70 hrs I Passed 

2 ( 80" C I 670 psi ( >I70 hrs / Passed 
3 I 80" C I 670 osi 1 >I70 hrs I Passed 

4 I 80" C ( 670 psi I >I70 hrs I Passed 

5 1 80" C I 670 psi 1 >I70 hrs I Passed 

6 ( 80" C I 670 psi I >I70 hrs I Passed ( 

Sustained Pressure Test per ASTM D 1598 

1 Samole l ~ e s t ~ e m o l  Stress 1 Time I Results 1 
1 
2 

Quick Burst Test per ASTM D 1599 

3 
4 
5 
6 

23" C 
23" C 
23" C 
23" C 
23" C 
23" C 

ASTM D 251 3 Dimension Specifications for 2" Pipe 
Wall: .216" - .242" 1 OD: 2.369" - 2.381" 

1320 psi 
1320 psi 

Result 
Passed 
Passed 
Passed 

4 
5 

As Measured Dimensions 

1320 psi 
1320 psi 
1320 psi 
1320 psi 

Mode 
Ductile 
Ductile 
Ductile 

23" C ( 600 psig I 60 Sec I Ductile I Passed 

23" C I 600 psig I 60 Sec I Ductile I Passed 

1 Samole Wall OD 1 

>I 000 hrs 
> I  000 hrs 

Sample 
1 
2 
3 

MDU TR 130 Test Data.xls 

I 
Passed 
Passed 

> I  000 hrs 
> I  000 hrs 
> I  000 hrs 
> I  000 hrs 

Stress 
580 psig 
580 psig 
580 psig 

Test Temp 
23" C 
23" C 
23" C 

Passed 
Passed 
Passed 
Passed 

Time 
63 Sec 
63 Sec 
61 Sec 


